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3 1. 77- Kf-Y^jSiy^V- Ff ^'/AS-ttSA^v^^t, 

TWrtB^«>y>^rtnW3f«nt^*t, itiery- Kf-^ v^t striE* v- k?-^ 

w^^Kf*^* (M) fcdHHWSfltBIJ:* 
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3 4. 9t$g 3 3 KfB^?>;frj£-^&o-C> 
3 5. »*«3 3i:Et^ffi-C*o"C, 

3 6. 3<7>jomK* *)9mztitzm&foo 
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3 9. 8 ^IB«<7)^ft-e$>o-C, 

4 0. l*a3 8tffi|0*ST4o"C, 
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4 3. 3 8 £Ctt4>^&-?$o"C\ 
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4 4. I$l3 8lcE«^ffit^ot, 

4 5. mfcmmm&nmz&m+ ztz&<D&m ^ ±km& 
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□ 073^t-^A^o. 01-0. 0 5M<7^fEH^)«J^$r^ri-^^-r 7 7"h 
^^7 )V*Xi*? 9 >7>)V*>m*, 0. 1-1. 0^7A/'J 

tffe^+t^Mflf^MflisrEiiL, mm^mmmmjkmtm2 oo^- 

*<oU&tyfimWL^-*<r>l3-tfy^-^Kl£MZiiX^2>7,"r y 7°k, 
4 6. »*^4 5 Kffii^TJffiK J: ^MitL^mMo 

47. mfom&mMnnm^&^T, 

4 8. »**4 7 KfB!to3fc£-e*oT, 

M&'<n'yx'*v*?? y 7.)v*ym.tf/pft < t & 0 , 0001 M<*>*jft-ci> 

4 9. M^4 8 KSB«<a3fc&-C«$>oT, 

l&t^^y ? 9 y* )V*>Wti) s 0 . 0 0 0 lMi^o. 0 l -tJK^IE 

5 0. 77-Kt> 
* V - K , 
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MB* V- K*iioTKag£Wft3-fr*^fti: 



1 0-5 075 



5 1. 7/- Kt, 
* V — Kt, 

y ^ t, s ti smirsa r y - k * ao timi s * * ^ ft , 

5 2 . st$g 5 1 mem<7)MmribT-* o T, 

5 3. i^JV?-«:MH5^tifeoT, 



C9) 10-507572 
17 (3 5USC 2 0 2) ^MSeK&fefc \i % £> fcv> 0 

tt s ^ <7) k rjS k j: o r i s ^ * /u ^ - *«gg<k l r a5s i ^ a« ^ 

<7>J£.x.*;u*--{i, 6 2 3 2Wh/kgt*S) , H5efflj&i5£lfrro&fflj&4> 
1. rw«aj Sfctt n?&5£ ( refomer) j J&fl-ttft : *«&#tti«*Mi, fell* 



(10) ftmW- 10-507572 

«IM^«ltSi:> %$iMmmm (parastic shunt current) 

ISI* i ^MiMWf *B#HFl£3, 0 13, 9 0 

8-^. 3, 1 1 3, 0 4 9^> mm 4 , 2 6 2, 0 6 3f, 1^4, 4 0 7 
, 9 0 5 -5§-> |W||fl4 , 3 9 0, 6 0 3f, 

|W]IM, 612, 261-^>l^^4, 4 7 8, 9 1 7"t, ^4, 5 3 7, 8 4 
O^mm*. 5 6 2, 1 2 3-%&£&mm4, 6 2 9, 6 6 4-§-HfE«?tL-C 

fll&tf, *B#»r#3, 0 1 3, 9 0 8-%tmm3 , 1 1 3, 0 4 9fi:(i, 

#tr#4, 2 6 2, 0 6 3f, mm4, 3 9 0, 6 0 3^ HIM. 4 7 8, 9 
1 7-ti5 «t TOi4 , 6 2 9, 6 6 4-^H(i, ^ti@#^n > 

> «£'I4!S £ > W * > £ {S ^E-f & JS Ci oni cally conducti ng 1 ayer) t L T T 7 - 

Kk#v- KcoM^JfALT^^^ry- k^£>#v- K^ift-ra ( cros 

sover) o> *t Zh^imW.^-** 9 J - )l>WMnm?>&.BifimWi.2 ft 



(11) 1f Sl¥ 10-507572 

u# m * m -r & it^ as # &-cs^ -r & & s a*& & 0 k s«f $ tt * * & 

tfX&tfem® (g^ diffusion electrode) 7^*§<b*i& 0 

2>tz?>, icom®^ 200-30 o < c£-ctinff!! ; -r&o i^jiii^ff 

ItltiitttitllK oT tI55IHI»t*i. 

&*i£:zmm-rz>zk&mi ^ ^jgjEB^ti 



(12) ftWiW- 10-507572 

^mt^m<Dn^Mi\M, £mn.*&m (multiple electron transter) tfft 
=b*l, (/> < ^i><V*mXT v7*G?&#1£l'MM2tlfz7v-bX (very hinde 
red process) t-&& 0 itl?)C0XT7 ^ MfrW^i®^ S *IT. it®. 

T'^&o 3M&W^»S0o-§fi9tt, ffiS^M^^Si: L4^liIWI& 



(13) 10-507572 

v**o M t it +<7){S^t4 i > L T ^ ^ ^ (0 v;vf-m?tfex^ 
#^-fiio 5fc®^<^7^^ n<t^;i/*!>«jK>; v-, jKy^-fk*.^^* 
~j&fr<7>m&®*$im-r2> z. t & 0 10-90 mttfr^mmx 



(14) 10-507572 

**P#J»i, H#*»RRK>r*>i!*14 (ionic continuity) £#^U 

wut8tm<v&mm%fcfj:& 0 mwmt Lx^^y^^ait^^^>m^m-r 
nmm<Dmnu^K, m\\Mt lx^ov? )i>*u* ? ^y^^^ym^m^^ 

iiCJ:otM?M>o ^^7^D^-^^>7;;i'*>'®li, 0. 0 0 1-0 



(15) EpS* 3 ? 1 0-507 57 

<t) § w t f ij & ti , &± wm % m w t ssstt bib *&mr n a-mm-g, k 
n 5 f*> hi ^^r?s#«*&^m?tb^i4^^M-r&^^#j^ 



(16) ftOkW- 10-507572 

me it. mi i^-rmnmm^mnmmt ^ v - v<D»m^m^^-ryyyx 

* > & f u m -r & mnm m <v #® m m z m ^ -r & y y y -e * & <> 

suit «mm^s^^ri-^^m^f*]<7)fij^ti!Sj^^^x.T, mnt uv 
0 1 5 it. »t ltv^ F^^?>»^ai <7>Mm?tii<7K m-^M 

0 1 6 it. i«I«I^tt^fIWi:»MSV^)K« 

inn, mmmMn*^&¥mmft<Dumtmj§tzMjLx, mnt l-c h 

0 l 8 it. Mftb Lth 1 ^ h *^v* 9 yt tzlt* ? <nM 

mmm<D. mm&f&wm&t Lx<Dmwim.j±*^-ryyyx-&2>o 

0 1 9 it. 2^JK?)MI(»I^tt4fI»fi(:81ftIti^^*t«t 



(17) ftm^ 10-507572 

o 

g£WT*o V;* h^y^ * h'^ h + y> * «fc # h 'J** -9" 
LtfJffltSMliK^V^Ti 13-21 Z0WL-cmW-t&o 

fift7o> >fe»iamfffgR»fiiffl-r^^fi-m?a 

13 1 fi, My>^12, 77-K14, * V - K 1 6 £ «fc 'J < 7-'/ 

n h >&mmmRm 1 8 ^«»^.^«#^#«^ft*jib 1 o £^ 

-To aTC-iMtilfitJ «fc -9 K> 77 - Kl 4 > * V - F 1 6*3 J: CF-fi-ft 

■?iiK-niiaaT»fit£ 0 #>?2oi±, mvm&t 

12077-KS2 2rtH5K^y|irji-r&7ti6Hige3ittT^2,o *<^#«j|*fl- 
fc^ofi^fetiU (tin*- h 2 3^t>flX>9mLT, M ? i 9£#i- 

-2>, 132 *#MLTWT^ittWr*S«5ll'>^^ASrifiDTWi5il?*t4o 7 7 
- KS-c4jSL^-»^5Rtt^>^ 1 9F*|<7>#- h 2 4 fcitCTjfcffiStLSo 
BfcffS fc»i^COJEEili»2 6**, fctt^C*, 21*10* V- 



(18) ftmW- 10-507572 

- Km 2 8 Wt£*fc«*-ei*fc-ro fttt*K I* 7^- K 1 4 fcifiiiLT 

Kt2 S1*iK#y7mm2tl*V- K l 6 £ili&LT#3g$*l£o «$CfHHf (m 

7;- Ki 4 t*y- ki 6«>WKjgtt3*L* t, tttt&ttattJtft'fl: 

tfT 7-K14 £ V) % 7^oge^<7>m^?t7G## V - K 1 6 X& £ &o 7/- 

>- jiiiffi^si 1 8*««oT*v- ki 6 Ktf^oTiHgttsisiiio l*:** 

or, m^£S$1-&^*><^»^^:fl^£S$1-&m^K <£ o•T: 

±IBfiO <fc ? 77-K14, # V - K 1 6 *J <fc CFRl 8 W\ J£— Office) 

iiSMWLtv^, jff L^nmmmxit, mi sit, 

Inc. tt«t4Vu lean XC-72A6D«fc? **ffl-T>b J: V> 0 

K>f£ffl-r& 0 TfrJROT o r a y (M) ^-^ti/N'-^ y/y - h t LTf 
ffltSo To ray (W) ^-/n°<7)/>'-7 * >^i:g 



C19) ¥f$k¥- 10-507572 

, I nc. tt^^Tii, fi#3*lT^*i/>*«A*afcfcjS#3*l 

5-4. 0mg/cm 2 (OfEW s !(fiL^o jSflll l"<;Witev» <fc >9 @ 

* V- K 1 6 li^T^Sttfemffi-C* "9 > e^tt^f-^K 1 8 (7)-^60®^^tLT 
v»*o * V- K16I1, Ml 8^)77- K 1 4©R»H©lliKti-&'»*t*:fil*S 

hnson Matthey Inc. tt.frhX^'Q-^ £ tLTv^v>S^ 

& (B^mr&^v— K) ifcii*i«E-Tek, inc. tt^^Af-eisji 

*»**Lfc V- KfflKJgLTV>4 0 7y-K«*#, *V-Kffi«>& 

^y + >^±icftffifr**»iO. 5-4. Omg/cm ! «fiLM 
$Ctt»##fc^*«Jli©/f y^r>^Ji, 10-5 0H%©r7OV^tU 
L^ofi<?)SMl7nt: «t o T£fifc Lfc** ^fcifc <*> 
& £ * Sti7}C'l£rf> s $i« ?tL4 0 

fti&^K fc**£B#0. 5-3. Omo 1 /LW^fl-fc 
\*T)\s1i U-ttom^gSr^LTV^^) 77 - FI2 2W<D77 - Kl 4 
*JIfiS-£T$S8|l3ii-;&o *0ffl 10-50 OmL/m i n<0$&B# s 

7y-K:CH>0H + H ! 0-C0: + 6H , + 6e" (1) 



(20) ftmW- 10-507572 

*V - K : Oj + 4 H* + 4 e " — H: 0 (2) 

(1) t (2) -C^?*L4-|B^<?5maiREBH ioT, Tlfi^l^g? 

Si:CH,0H+l. 50 2 -CO ; + 2H2O (3) 
+#fc*V>*ft«)*&ft-e, 5 0 0 mA/cm ! J:t) iS V»m*»ft 

L<fiT-^*eK^*-CJi^:1-*o 0. 5mo l /L J: mftb<^ 
ftWlifi* 1 0 OmA/cm l *t»W««?lPfttlSS$*L*o ffi^3faah^ fc^M 

o 

fcli^*CW\ 1 0 ~ 3 0 p s i g<^f6H(75ffii»T-e* v- K 1 6 £iftji& 

8 *2»U, *v- K«!>*AHitfl!)|51fifl!)«5lEfc»^-J-* 0 
^^yn-tr^fi^t ^ y -jv^^iJu^tfT^l^: (3) KtfZHX^&o i<7>m#i 
tit PJ&MiJj (fuel crossover) j *lTV>* 0 M^fftCiotfli 



L 



(21) 10-507572 

frPVizS Z&'bZ^Mft* »)*3v». L^c^oT, W^l?*' 
v>M^««t* i 1 1: J: o-CTif 4 i t* J T* 4. *»ttO«5fl-* < S5 * L 

ot, ry- Kfllii#S:JSm^3l^i-tL(^ Bights* iv>t#iM*#s 



C22) ftmW- 10-507572 

. 0 5-0. 5 mm?>S&B-C£*t*U*&£>£v> 0 0. 0 5 mm* «9 *v>BUi, 81 
^5$S^o WHSTft^ ^ ^ ^t^ 5 , -^r0. 5mmi «9)?V^(±, j£ 

zfitztf, -ry 4 * > b&teafimuLx^z, a c i p 1 ex mm) cb#ct> 

Asahi Glass C o . ftMilMJ: n H^)vy)V^r ulkXfrfryWttf 
*)^~-<Dm&*V!*m<OD o w Chemical Co. WMLtv^^ 
'J v-JKWx.if XU S 1 3 2 0 4 . 1 0 ^flJffl-CS^o «K'J ^V>£#iJ :/n 

^-.x.x/i'jfc^K&^IR (Mz-tf*m<7)R A I Corporatio ntt>6 s S^ 

o &£mj>>m%:^x^zfrttzMk¥m&i!)m%<yx^2>fr w * tz 
M^^itLT, m^j *>Bmn, mfaMftKtt?2>&\,*&M&&£u ! mtitzn 



(23) & mW- 10-507572 

li, «S»«»«)^^y^ 2 54r^T*»», -€-*l-F*l*«BI1 *^iLT±E"eK 

^:3>-:/w^-e&oT& 4v> 0 SAfc^wfi-e-W, ifc»iK5Rt*<^>S^«Jli 
, ^^^25 ^fetfJP*- h 3 0 £iILTi££Ifcfb;H, 7fcHIJK^m2 7^tl 

^12 7 iQfrmztitz^t tzamm<o-^i, e^tm 
stir, 7,9-992 5 ^^^ff^AtL^ti^o 2 6^{4, mm%&%.$ 

fc»4»**«iDx.e>*L4o i^S2 7 K«fc 5*1^*14. «***43 J: t^dcftASIfi 

2 9i:M?tL, Zz\iZteftM?>? 3 3 

p< ^y-;v^t^^ra^ 1 b[s|C<«^?tLTv^ 0 £A3im2 9{4. 
2 7frt><Ofo*9>9 3 3^^t«Mtl€^fc*T, 
t £ Sr ± -f & o 

&a^S2 9 kx y)ftt>titzmw/&&m±, ism?>9 3 sv^tm&z 

i»^>^3 5(^ 9^e»OJKfl-/*©»«[i:«fc3£t)rtl3 7^*> 

^ ^ (tl> o mW9>9 3 5ti> 

3 5 (4, y * 2 5i*^«3 7«lCfit?« 
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^ & o 

&o mm?y? 3 5 t±, /s^h^h*^^-si^-c*>*o M12 9^e>s»t 
mmstiio Wot, -mtR%*&^&mw/*u&m*. k ( 

M) ttz\iXT7-y 9 x mm) ©iUm^M^+^atitCJ: 

J: -5 K-i-i itt-C^S, -fe;t/*f- K [Ce 1 gard] (M) * £ 
T/^Tt- v9 7s [GoreTex] (fStl) fi, tRU^C elanese Co 

r p . £ «£ J>'G ore Association <7>i£^S§fJI"t?& & 0 

ft^/Wia^f^^^fff^fA (H^-fr-f) £JBv>T\ ^SMilR 
?y <-t&zk ttiSo fo±H->^tA-pii, 

- h 2 3 <7>#|6H;:±|pJ§K3l£ii*i&o -177- ^ > tB& t , 

m±jfx*mmL, jsati^Lm, j: »> & 

±yj*> mm) mmRm*&rzm&m.m<o 
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tz^co) lzj3if&&MMfrMl$il'm.&. ( gal vancstatic polarization measurement 

') ■CitlMl^tS^S^^to ££T% «4 1lt 0. 5Mc7>$c® 
■ryj*> (j&&) t*Si:ii:J: tisifc-r&it^-T^&o i*L 

v>i, i<7?^#^*(±> ^^-f*^ (m) ^oa*©^****** *)»v*fc 
^^tS^ttig^MCJ, -*-7<t*y (M) ©j:? 
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, m&nm<vMj£&m 3 2Kf&oT^s*u 3 4i:j&otmA/c 

4 4it 2. O-tJV^j* ^y-^f&ffcfcoviTflEftl 5 0S<7)i: £cDt£f££^-r 
offiii£4 6(i, 0. 5 *:)VCD* 9 J -JVi^tl^^tfK 1 4 0 Jg<9 £ # <7>t4 
bBSt^-To ffiiiU 8 li\ 4. OMW ^y-A/»#Jft»cov>T*ftl 6 OJgOt 

3 0 OmA/c m 2 "b©*v»m**JlE**l«ft?S * £ £ £*LTv>& 0 # 
2. o -t^c?)^ ^ y (ai?3 o o mA/c m 2 -eo . 4 ^ 

M&i: LT/T? tLTV>^, 0 ffi|&5 4 fi> 2. O^^IMCov^Tfft 1 5 0 

5 8 14, SfCo^T^^ffi^to 



(27) ftmW- 10-507572 

. ^«M<7)^m?tk^(±, A-7r'Ji:ift©7/- K«3t#^^T^^o 

%Lxfo%/\i *y*±7 mm) mm 

7j*y mm) <DXi%m7k&<D7'u v>mmMfr*mmx*&W:-r &<D&£. 

M £ t &X* § & <£ ^ fc> 77- KOfigRfc, gBfrtoK, K»t<b*i*o >f 

77- Kttu*^^^ <b « tz#>K \t, mm\t, a*i4-c, yuyy 
mm*tx, n^tm#)i~ ! i<'mx$>z>'<£x$>v), mfcmm<Dmit<Dmm*tibifz> 
K^^Kt7^^ mm) it, ztihvmmzmB-L, & t l^ts- k 
mm%>)x&z> 0 i-7s(*y mm) tmtn$k*^-rz> kmftztix^&mvm, 



(28) ftmPV 10-507572 

o 

@7i^ t s - 4 *y (mm) cod: 9 &W";t-y ^Jo^£-£1S:$-£& 

&o ^:aMm«tt«IEfc-r7D> (jfi«) 

(jSflQ ^-^ (MfHE-Tek, Inc. 
^^A#nrtg-C**) -CHftfCfeJ:^ i*LfeO#a#li, liirffl<&as#£3ll*> 

7.7- V?Z 0 2"C> 0. 5~ 5 %<^)^^- Wi^jp!^^-^tfv§^ (A 1 d r i c 
h Chemical Co. S^fi Solution Technologi 
es Inc. K«fc H2> yy-;Pi£{;M v :/o/<y -;nc J: 

■e^LT, (Aft) #jKKWilLfc»«T^a-^03Se*Sr»» 

f-C. ^7 7 7"3 0 2 - 3 0 4 £*fcl9iI-ro 0. ItJ^O. 5mg/cm ! 
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W*««l«efi<i-C*4o iuf, ftlLTISL^**, £<*><£ 1 K LTJB*Lfc*Stt 

(mm) ttsu;o ia8(i, no (tie) ommtmuvLfrLmmm 
mM*n&t?*um<n#-?m&Lx. mm) is 

ftL*v»«fl|i:Jt«:LTV»4 Q t^*?tt> HI 8 (4, ^*;VA7JVftm# ( 
<3 + -C«c»m»S (0. 5*JV) £<&5NS«l5e*?j*"*-o mA 

/c m 2 T?£Lfcm«H&JK£4*3 0 6 Kr&oT^U *'^ht^L^lfi«3 
0 8ti&otSto ffli&3 10J4. ■7"7'f*> (i&#0 

ffif-ov>TO#maE5HIfl|jR (galvanostatic polarization curve) 0 ffl 

$3 1 2(4. (iS«) •C^LT*l/»Si-^XtiCo^T©ii 

LT^^li^i^-eii, *;VA7JVfk KcoSHfoWJ^'ia^Lri^ac: £>ft V> 

. mmmfrfemm-KXTVi'x&K^zktt, z.tit><o^-Tj >7&%fcx 
w ± £ *i s -era lt # 7t *> <75 (4, >r * y ^mmx^m. l 

wt<), iBWLfc. <&t$ffl ft Si W<^» li. mffi*»i£-*-*fc*> 



(30) <&mW- 10-507572 

H9~i izbmlx, ^mmnmm^m-r^tztb^mm^m^&^^K 
9~i m*<v^mwmm^ $x~<Di><D<D 

MiSt^,!ifiL<li, ^HtJ^ti, 2 0 0¥^-h;v«^7A (mV 
g) ^M«^^r-r^>o Vulcan XC-72tt 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

1. In liquid supply mold direct fuel cell which comes to have means to 
circulate oxygen through means and cathode which are made to circulate 
through organic fuel through anode, cathode, electrolyte, and anode The 
solid-state polyelectrolyte film is adopted as an electrolyte. 
Amelioration which comes to contain supplying the organic fuel which 
does not have an acid electrolyte substantially. 

2. It is amelioration according to claim 1. That said whose film is 
solid-state proton exchange film. 

3. It is amelioration according to claim 2. That said film is made of 
Naf ion (trademark) . 

4. It is amelioration according to claim 2. What is made of the pel full 
ORINETO sulfonic-acid polymer which said film changed. 

5. It is amelioration according to claim 2. That said film is made of 
the poly hydrocarbon sulfonic-acid polymer. 

6. It is amelioration according to claim 2. That said film is made of 
the composite of two or more proton exchange film. 

7. It is amelioration according to claim 1. What is chosen from the 
group which said organic fuel becomes from a methanol, formaldehyde, and 
a formic acid. 

8. It is amelioration according to claim 1. What is chosen from the 
group which said organic fuel becomes from dimethoxymethane, trimethoxy 
methane, and a trioxane. 

9. It is amelioration according to claim 1. Thing to which said anode 
makes the ionomer of water-insoluble nature come to sink into a 
commercial electrode by the proton conductivity of a hydrophilic 
property. 

10. It is amelioration according to claim 9. That said whose ionomer is 
Naf ion (trademark) . 

11. It is amelioration according to claim 9. That said whose ionomer is 



montmorillonite clay. 

12. It is amelioration according to claim 9. That said whose ionomer is 
an alkoxy cellulose. 

13. It is amelioration according to claim 9. That said whose ionomer is 
cyclodextrin. 

14. It is amelioration according to claim 9. That said whose ionomer is 
the mixture of a zeolite. 

15. It is a fuel cell according to claim 9. That said whose ionomer is a 
phosphoric-acid hydrogen zirconium. 

16. Anode Cathode Said anode and solid-state polyelectrolyte film 
prepared between said cathodes It is the means which is that in which 
the solution of a liquid organic fuel and water is circulated through 
said anode, and the solution concerned does not contain the sulfuric 
acid substantially. Liquid supply mold fuel cell which comes to have a 
means to circulate oxygen through said cathode. 

17. Anode into which the ionomer of the water-insoluble nature of proton 
conductivity of a hydrophilic property was infiltrated Cathode Said 
anode and polyelectrolyte film prepared between said cathodes A means to 
circulate the solution of a liquid organic fuel and water through said 
anode Liquid supply fuel cell which comes to have a means to circulate 
oxygen through said cathode. 

18. It is a fuel cell according to claim 17. That said whose film is 
solid-state proton exchange film. 

19. It is a fuel cell according to claim 18. That said film is made of 
Naf ion (trademark) . 

20. It is a fuel cell according to claim 18. What is made of the pel 
full 0RINET0 sulfonic-acid polymer which said film changed. 

21. It is a fuel cell according to claim 18. That said film is made of 
the poly hydrocarbon sulfonic-acid polymer. 

22. It is a fuel cell according to claim 18. That said film is made of 
the composite of two or more proton exchange film. 

23. It is a fuel cell according to claim 17. What is chosen from the 
group which said organic fuel becomes from a methanol, formaldehyde, and 
a formic acid. 

24. It is a fuel cell according to claim 17. What is chosen from the 
group which said organic fuel becomes from dimethoxymethane, trimethoxy 
methane, and a trioxane. 

25. It is a fuel cell according to claim 17. That said whose ionomer is 
Naf ion (trademark). 

26. It is a fuel cell according to claim 17. That said whose ionomer is 
montmorillonite clay. 



27. It is a fuel cell according to claim 17. That said whose ionomer is 
an alkoxy cellulose. 

28. It is a fuel cell according to claim 17. That said whose ionomer is 
cyclodextrin. 

29. It is a fuel cell according to claim 17. That said whose ionomer is 
the mixture of a zeolite. 

30. It is a fuel cell according to claim 17. That said whose ionomer is 
a phosphoric-acid hydrogen zirconium. 

31. Housing Which Has Anode Chamber and Cathode Chamber Nafion 
(Trademark) Polyelectrolyte Film Which is Attached in Said Housing and 
Separates Said Anode Chamber and Said Cathode Chamber Cathode Formed on 

1 Side Face of Said Film Facing Cathode Chamber It is Formed on Opposite 
Side of Said Film Facing Anode Chamber, and is Nafion (Trademark). 
Infiltrated anode A means to circulate the solution of a liquid organic 
fuel and water through said anode A means to circulate oxygen through 
said cathode Means which samples a carbon dioxide from said anode 
chamber Liquid supply fuel cell which comes to have the means which 
samples oxygen and water from said cathode chamber. 

32. The electrode which comes to have the metal alloy into which the 
ionomer of proton conductivity of the water-insoluble nature of a 
hydrophilic property was infiltrated. 

33. It is the approach of processing the carbon structure made in the 
carbon particle of the large surface area supported with the binder. 
Step immersed into the bath containing a liquid pel full ORINETO 
sulfonic-acid polymer in the carbon structure How to come to contain the 
step which takes out said carbon structure and is dried. 

34. It is an approach according to claim 33. That to which said polymer 
is characterized by being the solution of Nafion (trademark) 1% in a 
methanol. 

35. It is an approach according to claim 33. What is characterized by 
performing from 5 the step immersed into the bath containing a liquid 
polymer in said carbon structure for 10 minutes. 

36. The structure processed by the approach of claim 33. 

37. In the electrodeposted bath used for manufacturing the electrode 
used for a liquid supply mold fuel cell Amelioration including adding 
the perf luoro-octane sulfonic acid of the amount in said bath. 

38. It is Approach of Manufacturing Electrode Used for Fuel Cell. Step 
Which Offers Bath Which Contains Solution Which Dissolved Metal Salt in 
Sulfuric Acid, The step which adds a perf luoro-octane sulfonic acid to 
said bath, Step which arranges the large surface area carbon-electrode 
structure in said bath Step which arranges an anode in said bath How to 



come to contain the step which applies an electrical potential 
difference between said anodes and said electrodes until the metal of a 
desired amount accumulates on said electrode. 

39. It is an approach according to claim 38. Approach characterized by 
said metal salt containing a hexachloroplatinic acid and a potassium pen 
TAKUROROAKO ruthenium. 

40. It is an approach according to claim 38. Approach characterized by 
said anode being made of platinum. 

41. It is an approach according to claim 38. Approach characterized by 
including the carbon which said carbon-electrode structure combined with 
the Teflon (trademark) binder. 

42. It is an approach according to claim 38. Approach characterized by 
said carbon electrode containing the large surface area carbon which was 
combined with 15% of the weight of the Teflon (trademark) binder, and 
was applied on the fiber layer of a carbon pace. 

43. It is an approach according to claim 38. Approach characterized by 
preparing said acid by the concentration of the range of 0. 01-0. 05M. 

44. It is an approach according to claim 38. Approach characterized by 
coming to contain the step which extracts said electrode from said bath 
and is further washed by deionized water. 

45. It is Approach of Manufacturing Electrode Which Metal Ion for Using 
it for Liquid Organic Fuel Cell Deposited on it. The bath containing the 
solution of the hexachloroplatinic acid which dissolved into sulfuric 
acid, and a potassium pen TAKUROROAKO ruthenium is offered. The step 
which has the concentration of the range said hexachloroplatinic acid 
and whose potassium pen TAKUROROAKO ruthenium are 0. 01-0. 05M, The step 
which adds perf luoro-octane sulfonic acid to said bath by the 
concentration of the range of 0. 1-1. 0g/l. , Arrange a large surface area 
carbon electrode in said bath, and said carbon-electrode structure has a 
carbon particle with a surface area of about 200m [/g ] and the mixture 
of a Teflon (trademark) binder. Step by which the mixture is applied to 
the carbon paper of the fiber base Step which arranges a platinum 
electrode in said bath Between said anodes and said electrodes How to 
come to contain the step which applies an electrical potential 
difference until the platinum and the ruthenium of the amount of 
requests deposit on said electrode. 

46. The electrode manufactured by the approach according to claim 45. 

47. In a liquid supply mold fuel cell Amelioration including adding the 
perf luoro-octane sulfonic acid of the amount in the fuel of a fuel cell. 

48. It is amelioration according to claim 47. Amelioration characterized 
by preparing that said perf luoro-octane sulfonic acid is also at the 



concentration of at least 0 and 0001M. 

49. It is amelioration according to claim 48. Amelioration characterized 
by said perf luoro-octane sulfonic acid being in the range of 0. 0001M to 
0.01 mols. 

50. Anode Cathode A means to circulate a liquid organic fuel, water, an 
acid electrolyte, and a perf luoro-octane sulfonic-acid addition solution 
through said anode Liquid supply mold fuel cell which comes to have a 
means to circulate oxygen through said cathode. 

51. Anode Cathode Electrolyte A means to circulate the liquid organic 
fuel chosen from the group who consists of a trioxane, dimethoxymethane, 
and trimethoxy methane through said anode Liquid supply mold fuel cell 
which comes to have a means to circulate oxygen through said cathode. 

52. It is a fuel cell according to claim 51. What is characterized by 
said fuel dissolving in the concentration between 0.1 and 2. 0M into 
water. 

53. It is the approach of generating energy. Step which offers a liquid 
supply mold fuel cell How to come to contain the step which operates 
said liquid supply mold fuel cell using the organic fuel chosen from the 
group who consists of a trioxane, dimethoxymethane, and trimethoxy 
methane. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

They are the actuation approach and the manufacture approach of the 
electrode to an organic fuel cell list. The origin of background 
invention of invention Since invention stated on these specifications is 
invention made by the research done based on the contract with NASA, it 
must follow a convention of the general law 96-517 (35USC202) determined 



that contracting parties will hold a right. 

Technical field This invention relates to a liquid supply mold organic 
fuel cell in detail about ** and an organic fuel cell generally. 
Technique of a background A fuel cell is an electrochemical cell which 
free energy changes and is transformed into electrical energy by 
oxidation reaction of a fuel. In the case of organic / air fuel cell, an 
organic fuel like a methanol, formaldehyde, or a formic acid oxidizes 
with an anode, and becomes a carbon dioxide, on the other hand, it is 
returned with a cathode and air or oxygen becomes water. Since the 
specific energy of an organic fuel is high (for example, the specific 
energy of a methanol is 6232 Wh/kg) , the fuel cell using an organic fuel 
is very attractive for both fixed application and some movable 
application. 

The following two kinds are known as organic / an air fuel cell. 

1. "an indirect type" or a "playback type (refomer)" fuel cell' The 
organic fuel becomes hydrogen which catalytic reaction regenerates and 
does not contain a carbon monoxide, and the hydrogen obtained by doing 
in this way oxidizes with the anode of a fuel cell. 

2. — "direct oxidation type" fuel cell: — the organic fuel is directly 
supplied into a fuel cell, without being embellished chemically 
beforehand, and oxidizes with an anode. 

A direct oxidation fuel cell has the unnecessary process which processes 
a fuel. Therefore, a direct oxidation fuel cell has whether an indirect 
fuel cell is endured in respect of weight and the volume, and the 
becoming advantage. The organic fuel supplied with a steam or a liquid 
is used for a direct oxidation fuel cell. The liquid supply structure of 
passing the anode of a fuel cell and generally circulating the liquid 
mixture of an organic fuel and a sulfuric-acid electrolyte is used for 
the promising direct oxidation fuel cell of a current technique. 
Since the direct methanol fuel cell of a current technique uses the 
electrolyte of a sulfuric acid, it has many troubles. The ingredient 
which will use a sulfuric acid for manufacturing the fuel cell if a 
sulfuric acid is used, since corrosive is high is restrained remarkably. 
Generally, an expensive corrosion resistance ingredient is required. 
Since the sulfate ion generated in this fuel cell has the strong 
inclination to stick to an electrode catalyst, the reaction of a fuel of 
electric oxidation is checked and the engine performance of a fuel 
electrode falls. Moreover, a sulfuric acid tends to decompose at 
temperature higher than 80 degrees C, and the decomposition product 
contains sulfur and may usually make an electrode catalyst powerless. 
When a sulfuric-acid electrolyte is used in the case of a multi-cell 



stack, a parasitism short-circuit current (parastic shunt current) may 
be produced. 

The direct mold and indirect mold both typical fuel cell are indicated 
by U.S. Pat. No. 3,013,908, 3,113,049, 4,262,063, 4,407,905, 4,390,603, 
4,612,261, 4,478,917, 4,537,840, 4,562,123, and 4,629,664. 
For example, the liquid supply direct methanol fuel cell which uses the 
electrolyte of a sulfuric acid is indicated by U.S. Pat. No. 3,013,908 
and 3,113,049. Amelioration of the sulfuric-acid base methanol fuel cell 
of decreasing that (crossover) which inserts the amount electrolyte of 
macromolecules or the solid-state proton conductivity film between an 
anode and a cathode as a layer (ionically conducting layer) which 
conducts ion, and an organic fuel moves to a cathode from an anode is 
indicated by U. S. Pat. No. 4,262,063, 4,390,603, 4,478,917, and 
4,629,664. Although there is work which reduces migration when an ionic 
conduction layer is used, an ionic conduction layer is used only with a 
sulfuric-acid electrolyte. Therefore, this fuel cell has various kinds 
of above-mentioned faults which use a sulfuric acid as an electrolyte. 
It is desirable to offer the liquid supply fuel cell which does not need 
a sulfuric acid as an electrolyte in view of the above-mentioned trouble 
accompanying using a sulfuric acid as an electrolyte. 
In addition to amelioration of the operational characteristic of a 
liquid supply fuel cell, it is necessary to also improve the 
conventional manufacturing method of such a large surface area 
electrocatalysis electrode for fuel cells. The manufacturing method of 
**** of the electrode of a fuel cell requires time amount considerably, 
and is an expensive approach. If it states concretely, in order to 
manufacture an electrode, it is usually necessary to manufacture first 
the alloy powder supported by the carbon of large surface area by the 
chemical approach of requiring about 24 hours. If the alloy powder 
supported by carbon is manufactured, it will mix with a Teflon binder, 
and then, it applies to the base material of the carbon fiber base, and 
a gas diffusion electrode (gas diffusion electrode) is obtained. 
In order to volatilize the impurity produced from a Teflon binder and to 
acquire the fiber matrix of Teflon, this electrode is heated up to 200 
to 300 degree C. Among this heating step, oxidation and sintering of an 
electrode catalyst may take place and the activity of the front face of 
an electrode may fall. Therefore, after being activated again, it is 
necessary to use these electrodes in many cases. 

Moreover, the electrode manufactured with a conventional method is a 
gaseous diffusion mold, and since it is not suitably damp with liquid 
fuel, it cannot usually be effectively used for a liquid supply mold 



fuel cell. 

Generally, the structure and the property of a fuel oxidation electrode 
(anode) which are used for a liquid supply mold fuel cell completely 
differ from the gas / a steamy supply fuel cell like hydrogen / oxygen 
fuel cell. The electrode structure used for a liquid supply fuel cell 
must be porosity very much, and a liquid fuel solution must wet all 
micropores. If the carbon dioxide generated with a fuel electrode is not 
effectively emitted from a reaction field, it does not have a rose. It 
is an important question to fully wet an electrode also for the fuel 
cell which uses the electrolyte of a sulfuric acid, although it is an 
important question for a liquid supply fuel cell. 

It is desirable to offer the amelioration manufacture approach of the 
electrode used especially for a liquid supply fuel cell so that the 
above-mentioned thing may show. Moreover, it is desirable to also think 
out the approach of reforming it in order to use the electrode which 
fitted gas supply fuel cells for a liquid supply cell originally. 
It is desirable to improve the liquid supply fuel cell itself, to offer 
and boil the amelioration manufacturing method of the electrode of a 
fuel cell, in addition to offer an effective new fuel. It is desirable 
to offer the liquid fuel with which perfect and efficient 
electrochemistry oxidation is generally made within a fuel cell. 
Effective use of the organic fuel within a direct oxidation fuel cell is 
influenced by the ease at the time of generally the organic compound 
oxidizing with the anode in a fuel cell. A conventional organic fuel 
like a methanol is quite difficult for carrying out electric oxidation. 
Especially electric oxidation of an organic compound like a methanol is 
a process (very hindered process) which a multiplex electronic 
transition (multiple electron transter) is performed, and has many 
middle steps and which was restricted very much. A dissociative 
adsorption is carried out and the activity surface kind with which a 
fuel molecule oxidizes comparatively easily at these steps It 
accomplishes. The ease of electric oxidation is usually determined by 
that a dissociative adsorption and surface reaction are easy. Although 
the formaldehyde of the conventional fuel the outside of it oxidizes 
still more easily, it has other faults. For example, toxicity is very 
strong. Moreover, since it is very easy to dissolve formaldehyde in 
water and moves to the direction of the cathode of a fuel cell, the 
engine performance of a fuel cell falls. The conventional organic fuel 
the outside of it, for example, a formic acid, is corrosive. Furthermore, 
during electric oxidation, since many of conventional organic fuels 
spoil the electrode of a fuel cell, it bars prolonged actuation. It is 



desirable to offer the amelioration fuel which conquers the fault of a 
conventional organic fuel like a methanol, formaldehyde, and a formic 
acid and which is used especially for a liquid supply fuel cell so that 
clearly from the above-mentioned thing. 

Outline of invention The general purpose of this invention is offering 
the improved direct mold liquid supply fuel cell. A special one division 
target of this invention is offering the direct mold liquid supply fuel 
cell which does not need the electrolyte of a sulfuric acid. Other 
special purposes of this invention are fully wetting the electrode used 
for a liquid supply fuel cell. The purpose of further others of this 
invention is offering the amelioration approach of wetting the electrode 
used with the fuel cell which has a sulfuric-acid electrolyte. Other 
special purposes of this invention are offering the improved fuel which 
is used for a liquid supply fuel cell further. 

The purpose which offers the improved liquid supply direct fuel cell 
which does not need a sulfuric-acid electrolyte is attained in part by 
using a solid-state polymer electrolyte membrane in the cell mold anode 
and combination which are porosity and can be soaked in a fuel. By the 
amelioration liquid fuel cell, the cell mold anode structure and a 
cathode are combined with both sides of the solid-state polymer proton 
conductivity film, and a film-electrode assembly object is formed. The 
anode side of this assembly is passed and the solution of the methanol 
which does not contain a sulfuric acid substantially, and water is 
circulated. 

The solid-state polymer film is excellent in electrochemical stability 
and mechanical stability, since ion conductivity is high, it is used 
partially, and it can function as both electrolyte and separator. 
Moreover, compared with the interface of an electrode/sulfuric acid, the 
interface of an electrode / film electrolyte is easier for the reaction 
of electric oxidation and air of a methanol, or oxygen of electric 
reduction. If this film is used, a fuel cell can be operated at 120 
degrees C and high temperature. Since the solution of a fuel and water 
does not contain the sulfuric acid substantially, the corrosion 
resistance member expensive for a fuel cell and its accessory is 
unnecessary. It exists, when the sulfuric-acid electrolyte is used. 
Since the conductive ion in the solution of a fuel and water does not 
exist, possibility that a parasitism shunt current will arise in a 
multi-cell stack disappears substantially. 

As the above-mentioned solid-state polymer electrolyte, film^Nafion 
(trademark) of proton conductivity cation exchange membrane, for example, 
a perfluoro-** sulfonic-acid polymer, is desirable. Nafion is the 



copolymer of tetraf luoroethylene and a perf luoro-vinyl ether sulfonic 
acid. The film of the complex of a reforming perfluoro-** sulfonic-acid 
polymer, the Pori hydrocarbon sulfonic acid, and two or more sorts of 
proton exchange film can also be used. 

As for an anode, it is desirable to manufacture by the particle of the 
large surface area of the platinum base alloy of noble metals and non- 
noble metals. It can perform using the constituent of two components and 
three components for performing electric oxidation of an organic fuel. 
The platinum-ruthenium alloy which has the presentation to which 
platinum was changed in the range of ten to 90 atomic percent is the 
electrode catalyst of an anode desirable although electric oxidation of 
the methanol is carried out. this alloy particle — the gestalt of 
detailed metal powder, i.e., the gestalt "which is not supported", — 
and — or it is the gestalt supported by the carbon material of large 
surface area. 

The conventional fuel cell anode structure (gaseous diffusion mold) is 
not suitable for using it for liquid supply mold organic / air fuel cell. 
The electrode of these former is damp to a fuel, and its property is low. 
The electrode of these former can be reformed to liquid supply mold fuel 
cells by carrying out a coat by the matter which is damp and improves a 
property. Although Nafion which has the 1000 or more equivalents is the 
desirable matter, this additive reduces the boundary tension of a liquid 
/ catalyst interface, the pore and the particle of an electrode come to 
get wet in homogeneity with the solution of a fuel and water, and use of 
an electrode catalyst is promoted. It gets wet and a property is 
improved, and also the Nafion additive can give an ion continuity (ionic 
continuity) to a solid-electrolyte membrane, and can move effectively 
the proton or hydronium ion generated in fuel oxidation reaction by fuel 
oxidation reaction. Furthermore, balking of the pore of an electrode to 
a carbon dioxide becomes easy with this additive. By using a perfluoro- 
** sulfonic acid as an additive, an anion radical is strong to the 
interface of an electrode/electrolyte, and it does not adsorb. As a 
result, electric oxidation reaction of a methanol becomes easier than 
the case of a sulfuric-acid electrolyte. As other hydrophilic proton 
conductivity additives which have a desirable property, there are the 
mixture and the phosphoric-acid hydrogen zirconium of montmorillonite 
clay, alkoxy celluloses, cyclodextrin, and zeolites. 

The purpose which improves the electrode which operates within a liquid 
supply fuel cell is partially attained by using a perf luoro-octane 
sulfonic acid as an additive during the electrodeposted bath used for 
manufacturing an electrode. It consists of steps which impress an 



electrical potential difference between this anode and a cathode until 
the electrodeposition process which uses a perf luoro-octane sulfonic 
acid as an additive arranges the carbon-electrode structure of large 
surface area in a metal salt content bath, and arranges an anode in this 
bath and then the metal of the amount of requests electrodeposits it in 
an electrode. After making an electrode electrodeposit a metal, an 
electrode is taken out from a bath and it washes within deionized water. 
As a desirable metal salt, there are a hexachloroplatinic acid and a 
potassium pen TAKUROROAKO ruthenium. The anode consists of platinum. 
There is a carbon particle of the large surface area combined as the 
carbon-electrode structure by the polytetraf luoroethylene currently sold 
of trademark Teflon (trademark). 

The purpose which fully wets an electrode within the liquid supply fuel 
cell which has a sulfuric-acid electrolyte is attained by using a 
perfluoro-octane sulfonic acid for the fuel mixture of a fuel cell as an 
additive. As for a perfluoro-octane sulfonic acid, it is desirable to 
add into the mixture of an organic fuel and water by the concentration 
of 0. 001-0. 1M. 

The general purpose which offers the new fuel used for an organic fuel 
cell is attained by using trimethoxy methane, dimethoxymethane, or a 
trioxane. 

Within a fuel cell, without spoiling an electrode, all of these three 
sorts of new fuels can be high-speed, they can oxidize, and can become a 
carbon dioxide and water. Furthermore, neither trimethoxy methane nor 
dimethoxymethane nor a trioxane is corrosive. The oxidation rates of 
these three sorts of new fuels are the conventional organic fuel and 
more than an EQC. For example, the oxidation rate of dimethoxymethane is 
higher than a methanol at the same temperature. The trioxane has 
attained the oxidation rate equivalent to formaldehyde. However, since 
molecular weight is farther [ than formaldehyde ] high, a trioxane does 
not move to the direction of the cathode of a fuel cell easily like the 
molecule of formaldehyde. 

Trimethoxy methane, dimethoxymethane, and a trioxane can be used for the 
fuel cell which has either of the above-mentioned improving points. 
However, these amelioration fuel can be used in favor of other organic 
fuel cells including the conventional whole fuel cell. 
Based on these things, the various general purposes of above-mentioned 
this invention are attained. Other purposes and advantages of this 
invention will become clear by explanation of the following details, 
easy explanation of a drawing the purpose and advantage of this 
invention are still more easily clear, if the above detailed explanation 



and detailed accompanying drawing are referred to — what — I will come 
out. 

Drawing 1 is a mimetic diagram of an amelioration liquid supply organic 
fuel cell which was constituted according to the desirable embodiment of 
this invention and which has the solid-state polymer film. 
Drawing 2 is the mimetic diagram of the multi-cell fuel system using the 
amelioration liquid supply organic fuel cell shown in drawing 1 . 
Drawing 3 is a graph which shows the engine performance of the solid- 
state polymer film electrolyte in the inside of a liquid organic fuel, 
and a sulfuric-acid electrolyte. 

Drawing 4 is a graph which shows the engine performance of the liquid 
supply fuel cell shown in drawing 1 of the combination case of a 
methanol / air, and a methanol/oxygen. 

Drawing 5 is a graph which shows the effectiveness of the concentration 
of a fuel over the engine performance of the liquid supply fuel cell 
shown in drawing 1 . 

Drawing 6 is a graph which shows the polarization behavior of the fuel 
electrode of a fuel cell, and a cathode shown in drawing 1 . 
Drawing 7 is a block diagram which is used for a fluid supply cell and 
in which showing the manufacturing method of the electrode containing 
the proton conductivity ionomer additive of a hydrophilic property. 
Drawing 8 is a graph which shows the polarization property of the 
methanol oxidation in the electrode manufactured according to the 
approach which contains an ionomer additive and is shown in drawing 7 . 
Drawing 9 is a block diagram which uses a perf luoro-octane sulfonic acid 
in an electrodeposted bath and in which showing the manufacture approach 
of an electrode. 

Drawing 10 is the mimetic diagram of the electrochemical cell used in 

case the approach shown in drawing 9 is enforced. 

Drawing 11 is an instantiation polarization curve in the case of 

manufacturing an electrode using the approach of drawing 9 . 

Drawing 12 is a graph which illustrates the polarization curve of a fuel 

cell which uses a perf luoro-octane sulfonic acid as fuel additive, using 

a sulfuric-acid electrolyte. 

Drawing 13 is a graph which illustrates the polarization curve of a fuel 
cell which uses dimethoxymethane as a fuel on various fuel concentration 
level into the half cell which has a sulfuric-acid electrolyte. 
Drawing 14 is a graph which changes the temperature and concentration in 
the half cell which has a sulfuric-acid electrolyte, and illustrates the 
polarization curve of the fuel cell using dimethoxymethane as a fuel. 
Drawing 15 is a graph which shows the cell voltage as a function of 



current density of the fuel cell of drawing 1 which uses 
dimethoxymethane as a fuel. 

Drawing 16 is a graph which illustrates the polarization curve of the 
fuel cell which uses trimethoxy methane as a fuel on various fuel 
concentration level in the half cell which has a sulfuric-acid 
electrolyte. 

Drawing 17 is a graph which changes the temperature and concentration in 
the half cell which has a sulfuric-acid electrolyte, and illustrates the 
polarization curve of the fuel cell using trimethoxy methane as a fuel. 
Drawing 18 is a graph which shows the cell voltage as a function of 
current density of the fuel cell of drawing 1 which uses trimethoxy 
methane or a methanol as a fuel. 

Drawing 19 is a graph which illustrates the polarization curve of the 
fuel cell which uses trimethoxy methane as a fuel on seed fuel 
concentration level in the half cell which has a two-mol sulfuric-acid 
electrolyte. 

Drawing 20 is a graph which illustrates the polarization curve of the 
fuel cell which changes the temperature and concentration of a sulfuric- 
acid electrolyte in a half cell, and uses trimethoxy methane as a fuel. 
Drawing 21 is a graph which illustrates the cell voltage as a function 
of current density of the fuel cell of drawing 1 which uses trimethoxy 
methane as a fuel. 

Detailed description With reference to many drawings, the desirable 
embodiment of this invention is explained below. The amelioration liquid 
supply organic fuel cell which uses an individual polymer electrolyte 
membrane and the anode additive of an ionomer first is mainly described 
with reference to drawing 1 -6. Next, about the manufacturing method of 
the anode which has an ionomer additive, drawing 7 -8 are made reference 
and they are described. How to get wet by manufacturing an electrode 
within the bath containing a perf luoro-octane sulfonic acid, and to 
improve a property is described with reference to drawing 9 -11. About 
the fuel cell which uses a perf luoro-octane sulfonic acid as fuel 
additive, drawing 12 is made reference and explained. Dimethoxymethane, 
trimethoxy methane, and a trioxane are explained with reference to 
drawing 13 -21 about the fuel cell used as a fuel. 

Fuel cell using an individual proton conductivity electrolyte membrane 
Drawing 1 shows the liquid supply organic fuel cell 10 equipped with 
housing 12, the anode 14, the cathode 16, and the individual polymer 
proton conductivity cation exchange electrolyte membrane 18. The single 
multiplex layer composite-construction object of an anode 14, a cathode 
16, and the individual polymer electrolyte membrane 18 is desirable, and 



they carry out the film 1 electrode assembly name of this on these 
specifications so that it may explain further below at a detail. The 
pump 20 is installed in order to carry out pumping of the solution of an 
organic fuel and water into the anode room 22 of housing 12. The mixture 
of the organic fuel and water is taken out from an exit port 23, and 
recycling is carried out through the recycling system which has the 
methanol tank 19 and which is explained below with reference to drawing 
2 . The carbon dioxide generated at the anode room is emitted through 
the port 24 in a tank 19. 

The compressor 26 of oxygen or air is formed in order to supply oxygen 
or air all over the cathode room 28 in housing 12. Drawing 2 explained 
below shows the fuel cell system incorporating the staff of each fuel 
cell who has a recycling system. The following detailed explanation of 
the fuel cell of drawing 1 mainly performs the structure and the 
function of an anode 14, a cathode 16, and the film 18 as a core. 
Before using it, the anode room 22 is filled with the mixture of an 
organic fuel and water, and fills the cathode room 28 with air and 
oxygen. An organic fuel passes and circulates through an anode 14 during 
actuation, on the other hand, pumping of oxygen or the air is carried 
out into the cathode room 28, and it passes and circulates through a 
cathode 16. If it connects with the electric load (not shown) anode 14 
between cathodes 16, electric oxidation of an organic fuel will take 
place with an anode 14, and electric reduction of oxygen will take place 
with a cathode 16. If a reaction which is different with an anode and a 
cathode occurs, an electrical-potential-difference difference will arise 
in these 2 inter-electrode. The electron generated by electric oxidation 
with an anode 14 conducts through an external load (not shown), and, 
finally is caught with a cathode 16. The hydrogen ion and proton which 
were generated with the anode 14 cross the film electrolyte 18, and are 
directly conveyed toward a cathode 16. Therefore, a current is held with 
the electron which passes the flow and the external load of the ion 
which passes a cell. 

As mentioned above, an anode 14, a cathode 16, and the film 18 form the 
layer structure object of single complex. In the desirable embodiment, 
the film 18 is manufactured by Nafion (trademark) of a perfluoro-** 
proton exchange film ingredient. Although Nafion (trademark) is the 
copolymer of tetraf luoroethylene and a perf luoro-vinyl ether sulfonic 
acid, it can use other film ingredients. For example, the film of the 
complex of a reforming perfluoro-** sulfonic-acid polymer, the Pori 
hydrocarbon sulfonic acid, and two or more sorts of proton exchange film 
can be used. 



an anode 14 is manufactured by the particle of a platinum-ruthenium 
alloy — having — these particles — as the end of a detailed metal 
grain (i. e. , "not supported") — or it distributing on the carbon of 
large surface area, namely, "it being supported. " The carbon of large 
surface area is U.S. Cabot. Vulcan which an Inc. company offers An 
ingredient like XC-72A is sufficient. The backing (not shown) of a 
carbon fiber sheet is used in order to perform the particle and 
electrical connection of the electrocatalysis. A commercial Toray 
(trademark) paper is used as an electrode backing sheet. The alloy 
electrocatalysis supported by the backing of a Toray (trademark) paper 
can obtain from E~Tek of the U. S. Massachusetts hula MINGAMU whereabouts, 
and an Inc. company. Or it can join together with Teflon binding 
material, and the electrocatalysis which is not supported and the 
supported electrocatalysis can be manufactured by the chemical approach 
of applying on Toray paper backing and manufacturing an anode. How to 
manufacture an electrocatalysis electrode, without spending many hours 
efficiently is explained below at a detail. 

The alloy of the platinum base whose second metal is tin, iridium, an 
osmium, or a rhenium can be used instead of a platinum-ruthenium. 
Generally, an alloy is chosen in relation to the fuel used for a fuel 
cell. It is desirable although a platinum-ruthenium carries out electric 
oxidation of the methanol. In the case of a platinum-ruthenium, the 
amount added in an electrocatalysis layer is 0. 

The range of 2 is desirable cm 5-4. Omg /. Electric oxidation with the 
much more efficient higher one is realized rather than addition level is 
low. 

A cathode 16 is a gas diffusion electrode and a platinum particle is 
joint ******** to one field of the film 18. or [ by which the cathode 16 
was combined with the field of the opposite side of the anode 14 of the 
film 18 / not being supported ] — or manufacturing with the platinum 
currently supported is desirable. U.S. Johnson Matthey The supported 
platinum ingredient which can come to hand from the platinum black (fuel 
cell grade) which can come to hand from an Inc. company, and which is 
not supported or U.S. E-Tek, and an Inc. company fits cathodes. In the 
case of an anode, it is desirable to carry the metal particles for 
cathodes on a carbonaceous backing ingredient. The amount which carries 
out the load of the electrocatalysis particle on carbon backing has the 
desirable range of 0. 5 - 4. 0 mg/cm2. Hydrophobicity required to remove 
efficiently the water which the backing of an electrocatalysis alloy and 
a carbon fiber contained 10 - 50% of the weight of Teflon, and generated 
the three-phase zone, and was generated by electric reduction of oxygen 



is offered. 

During actuation, a density range passes the anode 14 in the anode room 
22, and circulates the fuel of 0. 5~3. 0 mols / L, and the mixture (the 
acid or alkaline electrolyte is not contained) of water. The rate of 
flow to be used has the desirable range of 10 - 500 mL/min. When the 
mixture of a fuel and water passes and circulates through an anode 14, 
in the case of a typical methanol cell, the following electrochemical 
reaction occurs and an electron is emitted. 
Anode: CH3 0H+H2 0->C02+6H++6e- (1) 

The carbon dioxide generated at the above-mentioned reaction is taken 
out through an outlet 23 with the solution of a fuel and water, and is 
separated from this solution by the vapor-liquid-separation machine 
(with reference to drawing 2 , it explains below). Next, recycling of 
the solution of a fuel and water is carried out into a cell with a pump 
20. 

The electrochemical reaction shown with the above-mentioned equation (1) 
and other electrochemical reaction which performs electric reduction of 
oxygen which catches an electron to coincidence occur in a cathode 16, 
and is expressed by the following equation. 
Cathode: 02+4H++4e— >H20 (2) 

The general reaction of the typical methanol fuel cell expressed with 
the following equation is performed by each electrode reaction indicated 
to be an equation (1) by (2). 
Cell: CH30H+1. 502->C02+2H20 (3) 

Current density higher than 500 mA/cm2 is maintainable with the fuel of 
concentration high enough. However, by such concentration, the passing 
speed of the fuel which crosses the film 18 and faces to a cathode 16 
increases even to extent to which the effectiveness and the electrical 
order of the fuel cell fall remarkably. By concentration lower than 0. 5 
mol/L, actuation of a cell is limited to less than two 100 mA/cm current 
density. It was found out that the low rate of flow can apply in the 
case of low current density. Since the matter transportation rate to the 
anode of an organic fuel is increased in order to remove the carbon 
dioxide generated according to electrochemical reaction when making it 
operate with high current density, the high rate of flow is required. 
Moreover, by the low rate of flow, the film of a fuel is passed and the 
migration to a cathode from an anode decreases. 

As for oxygen or air, it is desirable to pass and circulate a cathode 16 
under the pressure of the range of 10 - 30psig. In the case of high 
current density, with a pressure higher than an external world pressure, 
the mass transport of the oxygen to the part of electrochemical reaction 



is improved especially. The water generated by electrochemical reaction 
in a cathode is transported from the cathode room 28 by the flow of 
oxygen through a port 30. 

In addition to electric oxidation being carried out with an anode, the 
liquid fuel which is dissolving in water penetrates the solid-state 
polymer electrolyte membrane 18, and combines it with the oxygen of the 
front face of the electrocatalysis of a cathode. 
This process mentions a methanol as an example and is shown in the 
equation (3). This phenomenon is called "fuel migration (fuel 
crossover)." A fuel is consumed without the action potential of an 
oxygen electrode falling and generating useful electrical energy by 
migration of a fuel. Generally, migration of a fuel is a parasitism 
reaction which effectiveness is reduced, and the engine performance is 
reduced and generates heat within a fuel cell. Therefore, it is 
desirable to make passing speed of a fuel into min. This passing speed 
is proportional to the permeability of the fuel which passes a solid- 
electrolyte membrane, concentration increases, and it increases as 
temperature rises. The permeability over membranous liquid fuel can be 
reduced by choosing a solid-electrolyte membrane with low moisture 
content. If the permeability over a fuel is reduced, passing speed will 
fall. Moreover, the fuel with a large molecular size has a diffusion 
coefficient smaller than a fuel with a small molecular size. Therefore, 
permeability can be lowered by choosing a fuel with a large molecular 
size. Although a water-soluble fuel is desirable, the fuel of a medium 
shows permeability with low solubility. Since the fuel of a high-boiling 
point does not evaporate, transportation which leads the film of such a 
fuel is performed by the liquid phase. Since steamy permeability is 
higher than a liquid, generally the fuel of a high-boiling point has low 
passing speed. Moreover, the concentration of liquid fuel may be lowered 
in order to lower passing speed. The hydrophobic section and the anode 
structure over which the hydrophilic part is distributed the optimal 
prevent that fully get wet with liquid fuel, and electrochemical 
reaction is fully held, and the fuel of an excessive amount approaches a 
film electrolyte. Therefore, if the anode structure is chosen suitably, 
high performance and desirable low passing speed can be obtained. 
Since a solid-electrolyte membrane can penetrate water at temperature 
higher than 60 degrees C, most quantity of water crosses the film and is 
conveyed by transparency and evaporation. The water conveyed through a 
solid-electrolyte membrane is condensed within a water recovery system, 
and then is sent to a water tank (this system and tank are explained 
below with reference to drawing 2 at a detail), and recycling of that 



water can be carried out all over the anode room 22. 
Inter-electrode [ two ] is conveyed to the water generated with the 
proton generated with the anode 14, and the cathode 16 by the proton 
conductivity solid-electrolyte membrane 18. It is important for 
operating organic / air fuel cell effectively to maintain the high 
proton conductivity of the film 18. The moisture content of an 
electrolyte membrane is maintained by making it contact liquid fuel, the 
mixture of water, and directly. In order that the thickness of a proton 
conductivity solid-state polymer electrolyte membrane may make a 
dimension stability, the range of it must be 0. 05-0. 5mm. Although the 
film thinner than 0.05mm brings about the membrane electrode assembly 
object in which opportunity reinforcement was inferior, on the other 
hand, with liquid fuel, it swells, and the polymer is going too far, and, 
as for the film thicker than 0.5mm, shows a lifting and superfluous 
resistance for change of the dimension which does damage. The ion 
conductivity of an electrolyte membrane must be larger than lohm-lcm-1, 
in order to hold the internal resistance which can permit a fuel cell. 
As mentioned above, the permeability of an electrolyte membrane over 
liquid fuel must be low. The film of a perfluoro-** sulfonic-acid 
polymer like Aciplex (trademark) (Japan's Asahi Glass Co. company 
manufacture) to which Nafion and a property are similar although it was 
found out that the Nafion film is effective as a proton conductivity 
solid-state polymer electrolyte membrane, and U.S. Dow Chemical The 
polymer film 13204. 10, for example, XUS, which Co. company is 
manufacturing can be used. The film of polyethylene and a polypropylene 
sulfonic acid, the film of polystyrene sulfonate, and the film (for 
example, film which U.S. RAI Corporation manufactured) of other Pori 
hydrocarbon base sulfonic acids can also be used by the temperature and 
the period when a fuel cell operates. Low fuel permeability can be 
attained using the film of the complex which consists of two or more 
sorts of proton conductivity cation exchange polymers from which the 
acid equivalent differs, the chemistry organization differs, water 
content differs, or the class and extent of bridge formation differ (for 
example, the bridge is constructed by multivalent cations, such as 
aluminum3+ and Mg2+). ** — the film of complex [ like ] can be 
manufactured and high ion conductivity, the low permeability over liquid 
fuel, and the outstanding electrochemical stability can be attained. 
By using the solid-state poly membrane of proton conductivity as an 
electrolyte, the electrolyte of a free fusibility acid or a base is 
unnecessary, and a liquid supply direct oxidation type organic fuel cell 
is obtained so that I may be understood from the above explanation. The 



only electrolyte is the solid-state poly membrane of proton conductivity. 
The acid of a free gestalt does not exist in the mixture of liquid fuel 
and water, since a free acid does not exist — present — business — 
the corrosion by acid induction of the cell components which tend to 
happen in the organic substance / air fuel cell of the technical acid 
base is avoided. This brings considerable flexibility to the ingredient 
selection for a fuel cell and a coordinated subsystem. Furthermore, 
since the carbonate of fusibility is not formed unlike the fuel cell 
which contains a potassium hydroxide as a liquid electrolyte, the cell 
engine performance does not fall. Moreover, a parasitism short-circuit 
current is avoided by use of a solid-electrolyte membrane. 
Subsequently, with reference to drawing 2 , the fuel cell system which 
adopted what made the stack fuel cell plurality similar to the fuel cell 
shown in drawing 1 is explained. This fuel cell system contains the 
stack 25 of a fuel cell, and has the film / electrode assembly which 
each explained above with reference to drawing 1 . Oxygen or air is 
supplied by the oxidizer feeder 26. This may be for example, an oxygen 
supply bomb, an air blower fan, or an air compressor. The mixture of air 
and water or the mixture of oxygen and water is sampled through an exit 
port 30 from a stack 25, and is carried to the water recovery system 27. 
The water recovery system 27 operates so that air or oxygen may be 
separated from water. 

A part of air separated by equipment 27 or oxygen is returned to the 
oxidizer feeder 26, and it is again put in into a stack 25. A fresh air 
or oxygen is added to a feeder 26. The water separated by equipment 27 
is supplied to a fuel and the water injector 29, and, similarly organic 
fuels, such as a methanol, are supplied there from the storage tank 33. 
An injector 29 mixes the water from a recovery system 27 with the 
organic fuel from a tank 33, and produces the water/fuel solution which 
the fuel dissolved into water. 

The fuel/water solution made by the injector 29 are supplied into the 
circulation tank 35. The fuel / water mixture containing a carbon 
dioxide are sampled from a stack 25 through a port 23, and is supplied 
into a circulation tank through the heat exchange machine 37. Therefore, 
the circulation tank 35 receives both the solution of the fuel/water 
from an injector 29, and the fuel/water solution of the carbon-dioxide- 
gas content from the heat exchange machine 37. The circulation tank 35 
extracts a carbon dioxide from a fuel / water mixture, and emits a 
carbon dioxide through a bleeder 39. The solution of the fuel/water 
which remained as a result is supplied into a stack 25 through a pump 20. 
The circulation tank 35 can be located between a stack 25 and the heat 



exchange machine 37, can remove a carbon dioxide in front of a heat 
exchange machine, and can also raise work of a heat exchange machine. 
Actuation of the various element parts illustrated by drawing 2 is 
explained in more detail below. The circulation tank 35 is a column 
which has large top space. The fuel / water mixture of the liquid which 
received from the injector 29 are added into the top of the column. The 
fuel / water mixture which has a carbon dioxide in inside are supplied 
into the bottom part of a column. The choke damp wide opened from a fuel 
/ water mixture is accumulated in the top space, and, finally is 
discharged, the fuel / water mixture which replaces and contains a 
carbon dioxide are like Celgard (trademark) or GOATEKKUSU (trademark) — 
fine — letting the inside of the bundle of hole ingredient tubing pass 
— a fine hole — liquid fuel can flow in accordance with the shaft of 
tubing, making gas emit through the wall of tubing of an ingredient. 
Celgard [Celgard] (trademark) and GOATEKKUSU [GoreTex] (trademark) are 
U.S. Celanese. Corp. and Gore It is the trademark of Association. 
In order to separate a carbon dioxide from a fuel / water mixture, the 
need of forming an external circulation tank using a static recycling 
system (not shown) into the anode chamber of a stack 25 can also be 
abolished. In such a system, the bubble of a carbon dioxide tends to go 
up the inside of an anode chamber perpendicularly for a buoyancy by 
birth. By the viscous interaction with the liquid fuel mixture which 
encloses air bubbles, liquid fuel is taken upward with it in the 
direction of an exit port 23. Once it comes out of an anode chamber 
outside, a liquid opens gas wide, will carry out a perimeter and heat 
exchange, and will get cold, and concentration will become high rather 
than the liquid in a cell. The liquid with more high concentration is 
supplied through an inlet-port port into the pars basilaris ossis 
occipitalis of an anode chamber. Instead of spending electrical energy 
on a pump, a static recycling system uses well the heat and gas which 
occur within a cell. Although the above-mentioned process forms radical 
Motohara ** of a static recycling system, it is not explained to a 
detail any more here. If a static recycling system is used, the 
orientation to which a fuel cell can operate will be restricted and it 
may be able to perform only to static application. 
Test result for the fuel cell which has the Nafion (trademark) 
electrolyte membrane The behavior of electric oxidation of the methanol 
to a sulf uric-acid electrolyte and the Nafion (trademark) electrolyte 
has been studied by the electrostatic ****** measuring method 
(galvanostatic polarization measurements) in an electrochemical cell 
(what was similar to the electrodeposted cell shown below at drawing 10 



although not illustrated). The cell consists of the working electrode, a 
platinum counterelectrode, and a reference electrode. The working 
electrode is polarized inside the selected electrolyte and the solution 
containing liquid fuel. It acts as the monitor of the potential of the 
working electrode to a reference electrode. 

Drawing 3 shows polarization over a polarization curve, i. e. , the 
current density expressed with a square centimeter (mA/cm2) the whole 
milliampere, about the behavior of methanol oxidization in Nafion 
(trademark) and the electrolyte of a sulfuric acid. Here, a curve 41 
shows polarization about the sulfuric-acid electrolyte of 0. 5M, and a 
curve 43 shows polarization about the Nafion (trademark) electrolyte. 
Polarization is expressed with the potential to NHE. NHE means a 
standard hydrogen electrode here. These curves express the measurement 
data in 60 degrees C about the fuel which consists of underwater 
methanol mixed liquor of 1M. Polarization loss is smaller than the time 
of the direction when the electrode touches Nafion (trademark) touching 
the sulfuric acid so that drawing 3 may show. Therefore, the behavior of 
electric oxidation of a methanol can be concluded to be easy by the time 
of an electrolyte being Nafion (trademark), the fact that strong 
adsorption of sulfate ion takes place by the electrode / sulfuric-acid 
interface at the time of the electropositive potential to which these 
observation results bar the behavior of electric oxidation — 
explanation attachment ****. Since such ion is not made when Nafion 
(trademark) is used as an electrolyte, such adsorption is not generated. 
Moreover, compared with the electrode / sulfuric-acid interface, it is 
believed that the behavior of electric reduction of oxygen or air is 
promoted in an electrode / Nafion (trademark) interface. Since the 
effectiveness of this latter has the more high fusibility of the oxygen 
to the inside of Nafion (trademark), it is thought that it will be 
because the anion to which it stuck strongly does not exist. Therefore, 
if the solid-state poly membrane of proton conductivity is used as an 
electrolyte, for the behavior of the reaction of both electrodes, it is 
advantageous and the fault of a sulfuric-acid electrolyte can be 
conquered. 

Moreover, a sulfuric-acid electrolyte is disassembled at the temperature 
above 80 degrees C. The product by decomposition reduces the engine 
performance of each electrode. The electrochemical stability and thermal 
stability of a solid-state polyelectrolyte like Nafion (trademark) are 
fairly higher than that of a sulfuric acid, and the solid-state 
polyelectrolyte is usable at a no less than 120 degrees C elevated 
temperature. Therefore, if the solid-state poly membrane of proton 



conductivity is used, hot and prolonged fuel cell actuation like 120 
degrees C will be attained, and the further advantage will be brought 
about. It is because the behavior of electric oxidation of a fuel and 
electric reduction of oxygen will happen easily all the time if 
temperature goes up. 

Drawing 4 shows the case where the engine performance of the fuel cell 
shown in drawing 2 is operated at 65 degrees C about the combination of 
a methanol and oxygen, and the combination of a methanol and air. In 
drawing 4 , the electrical potential difference of a fuel cell is 
expressed in accordance with a shaft 32, and current density is 
expressed with mA/cm2 in accordance with the shaft 34. A curve 36 shows 
the engine performance of the combination of a methanol and oxygen, and 
a curve 38 shows the engine performance of the combination of a methanol 
and air. It presents that it is slightly better than air the engine 
performance [ use / pure oxygen ] so that it may understand here. 
Drawing 5 shows the effectiveness of fuel concentration over the engine 
performance of a cell. The potential of a fuel cell is shown in 
accordance with a shaft 40, and current density is shown by mA/cm2 in 
accordance with the shaft 42. A curve 44 shows the engine performance at 
the time of 150 Fahrenheit about a 2. 0-mol methanol solution. A curve 46 
shows the engine performance at the time of 140 Fahrenheit about 0. 5-mol 
methanol mixed liquor. A curve 48 shows the engine performance at the 
time of 160 Fahrenheit about the methanol mixed liquor of 4. 0M. 2. 0M 
methanol mixed liquor offers the best overall characteristic so that it 
may understand from now on. Moreover, drawing 5 shows that the high 
current density of 300 mA/cm2 is maintainable, while a fuel cell 
maintains a high electrical potential difference rationally. Especially 
2. 0-mol methanol mixed liquor offers the electrical potential difference 
which exceeds 0.4 volts by about 300 mA/cm2. The engine performance 
shown in drawing 5 expresses the significant improvement exceeding the 
engine performance of a former organic fuel cell. 

The anode of a fuel cell and the polarization operation of a cathode are 
shown as a function of the current density which took the electrical 
potential difference to drawing 6 in accordance with the shaft 50, took 
current density to it in accordance with the shaft 52, and was expressed 
with mA/cm2 to it. A curve 54 shows the polarization operation at the 
time of 150 Fahrenheit about 2. 0-mol mixed liquor. A curve 56 shows the 
polarization operation about a fuel, and a curve 58 shows the 
polarization operation about oxygen. 

The anode structure for a liquid supply mold fuel cell The anode 
structure for a liquid supply fuel cell must completely differ from it 



of the conventional fuel cell. The electrode structure of a gaseous 
diffusion mold which can bring about the balance of gas, a liquid, and a 
solid-state is used for the conventional fuel cell. However, the anode 
structure similar to a dc-battery is required for the fuel cell of a 
liquid supply mold. 

The anode structure must be porosity and must be able to wet liquid fuel. 
In addition, the structure must have both [ conductive ] electronic 
conductivity and ion, in order to carry effectively an anode current 
collector (carbon paper), and hydrogen/hydronium ion for an electron to 
the Nafion (trademark) electrolyte membrane. Furthermore, the anode 
structure must be assistance to secure the convenient gas-evolution 
property in an anode. 

An electrode required for the fuel cell of a liquid supply mold can also 
be made from special edition, or can also change the available 
conventional gas diffusion electrode with a suitable additive 
commercially. 

Sinking [ of the electrode in an ionomer additive ] in An electrode 
catalyst bed and the anode base material 14 ( drawing 1 ) made from a 
carbon fiber are good to sink in preferably with the proton electric 
conduction polymer additives of a hydrophilic property like Nafion 
(trademark). An additive is partially prepared in the interior of an 
anode so that the hydronium made from a proton and electric oxidation 
reaction can be carried effectively. Promoting also carried out soaking 
the pore of an electrode in homogeneity with the solution of the 
fuel/water of a liquid, and the ionomer additive has also realized 
better use of an electrode catalyst. The behavior of electric oxidation 
of the methanol by adsorption of an anion decreasing is also improved. 
Furthermore, it is assistance [ secure / the convenient gas-evolution 
property for an anode ] by using an ionomer additive. 
In order are effective and to make an anode additive there be, it is a 
hydrophilic property, and an additive is proton conductivity, it should 
be electrochemically stable and should not bar the behavior of oxidation 
of liquid fuel. Nafion (trademark) satisfies these criteria and is a 
desirable anode additive. There are montmorillonite clay, a zeolite, an 
alkoxy cellulose, cyclodextrin, and a phosphoric-acid hydrogen zirconium 
in other hydrophilic properties and proton conductivity additive which 
are expected to have the same effectiveness as Nafion (trademark). 
Drawing 7 is the block diagram showing the step concerning infiltrating 
an ionomer additive like Nafion (trademark) in an anode. The carbon- 
electrode structure is prepared first. The electrode structure of 
available large surface area carbon may be used for the commercial 



target which adopted what applied the mixture of a large surface area 
electrode catalyst and a Teflon (trademark) binder to the Toray 
Industries (trademark) carbon fiber paper. The electrode of an electrode 
catalysis also uses TFE-30 (trademark) which is the emulsion of 
polytetraf luoroethylene, and they are a large surface area catalyst 
particle and the Toray Industries (trademark) paper (both E~Tek, Inc). 
since — being available — you may prepare. Although these structures 
can be prepared with the ingredient of the above-mentioned partial 
element, they can also obtain the structure beforehand made from the 
dimension of arbitration from direct E~Tek. 

It sinks in by dipping an electrode catalyst particle for 5 to 10 
minutes with an ionomer additive [ like Nafion (trademark) ] whose 
electrode is into the solution (based on the moderate dilution by the 
methanol or isopropanol of a solution supplied by Aldrich Chemical Co. 
or Solution Technologies Inc.) which contains 0. 5 - 5% of ionomer 
additive at step 302. Subsequently, an electrode is picked out from a 
solution at step 304, and it is under reduced pressure among air, it 
dries at the temperature of the range of 20-60 degrees C, and the 
residue of the higher alcohol relevant to the Nafion (trademark) 
solution is volatilized. The sinking-in steps 302-304 are repeated until 
a desired composite (it is in 2 - 10% of range of the weight of an 
electrode catalyst) is obtained. Restoration of 0. 1 to 0. 5 mg/cm2 is 
model. If the additive of an electrode composite exceeds 10%, it can 
result in bringing about the increment in the internal resistance of a 
fuel cell, and adhesive aggravation of the solid-state polyelectrolyte 
film. If there are few additives to a composite than 2%, the improved 
electrode engine performance cannot be obtained typically. 
In order to form a sinking-in electrode from an electrode catalyst 
particle, an electrode catalyst particle is mixed in the solution of 
Nafion (trademark) diluted with isopropanol to 1%. Subsequently, he 
leaves the solvent for evaporating and it is made thick mixed liquor. 
Subsequently, the thick mixed liquor is applied on the Toray Industries 
(trademark) paper, and the film of an electrode catalyst is formed. What 
applied the mixed liquor of the large surface area particle of a gram to 
the Toray Industries (trademark) paper whole about 200 square meters is 
model. Here, although I want you to observe, the electrode catalyst bed 
which carried out in this way and was formed has only Nafion (trademark), 
and Teflon (trademark) does not have. Thus, the prepared electrode is 
under reduced pressure, subsequently is dried at 60 degrees C for 1 hour, 
the residue of higher alcohol is removed, and it can be used by the 
liquid fuel cell after that. 



According to the technique mentioned above, the available large surface 
area platinum-tin electrode was commercially sunk in by Nafion 
(trademark). Drawing 8 is measured in the half cell similar to the cell 
of drawing 10 (following) which carried out the deer and contained the 
sulfuric-acid electrolyte, and is comparing the engine performance of a 
Nafion (trademark) sinking-in electrode with the electrode which does 
not sink in. Drawing 8 especially shows the polarization measurement 
when using a sulfuric-acid electrolyte (0. 5 mols) in a liquid 
formaldehyde fuel (one mol). The current density expressed with mA/cm2 
is shown in accordance with a shaft 306, and the potential expressed 
with the bolt is shown in accordance with a shaft 308. A curve 310 is a 
galvanostatic polarization curve (galvanostatic polarization curve) 
about the platinum-tin electrode which does not contain Nafion 
(trademark). A curve 312 is a galvanostatic polarization curve about the 
platinum-tin electrode which has not sunk in by Nafion (trademark). 
Drawing 8 shows that much bigger current density than what has the 
electrode with which the direction which has a Nafion (trademark) 
sinking-in electrode has not sunk in can be obtained. In fact, it 
happens whether oxidation of formaldehyde is merely slight in the thing 
of the electrode which has not sunk in. Addition of Nafion (trademark) 
brings about an improvement dramatic in this way. In addition, that 
there is no hysteresis in a galvanostatic polarization curve means that 
these coatings are stable. 

What has so far been explained above is the amelioration anode of the 
liquid supply fuel cell which sank in with the ionomer additive. How to 
make contain an ionomer additive in an anode and manufacture was also 
explained. The remaining part of a detailed description explains using a 
perf luoro-octane sulfonic acid as the additive under electrodeposted 
bath used in order to manufacture an electrode, and a direct additive in 
a fuel. 

Electrodeposition of the electrode which used the perf luoro-octane 
sulfonic-acid additive With reference to drawing 9 -11, how to 
manufacture the electrode for using it for an organic fuel cell is 
explained below at a detail. This approach is adopted as manufacturing 
the cathode for using it for an above-mentioned liquid organic fuel cell, 
and is very advantageous. However, the electrode prepared by the 
approach of drawing 9-11 can also be used for various organic fuel 
cells as an alternative of an old thing. 

First, many steps of the approach of manufacturing an anode are 
explained with reference to drawing 9 . First, in step 200, the carbon- 
electrode structure is prepared by applying the mixture of a large 



surface area carbon particle and a Teflon (trademark) binder to the 
carbon paper of the fiber base. Preferably, a carbon particle has the 
surface area of a gram (m2/g) the whole 200 square meters. The substrate 
of a suitable carbon particle, Vulcan Thing ** called X072 is E-Tek. It 
is available from Inc. It is desirable to add a Teflon (trademark) 
binder so that it may become 15% of rate by weight. The carbon paper of 
the fiber base is the Toray Industries (trademark) paper preferably, and 
is E-Tek similarly. It is available from Incorporated. The carbon 
structure may be prepared from the aforementioned partial element 
ingredient. Or instead, it is direct E-Tek. The structure by which 
marketing was beforehand made from Inc. is available with the square 
which is 2 inch x2 inch. 

In step 202, a hexachloroplatinic acid (IV) and a potassium pen 
TAKUR0R0AK0 ruthenium (III) are dissolved into a sulfuric acid, and an 
electrodeposted bath is prepared. Preferably, the metal ion 
concentration obtained as a result has good within the limits of 0. 01- 
0. 05M. Moreover, the concentration of a sulfuric acid of 1M is good 
preferably. 

The above composite is adopted in order to electrodeposit a platinum- 
ruthenium on the carbon-electrode structure. Another solution may be 
adopted instead. For example, although platinum-tin electrodeposition is 
acquired, a stannic-chloride constituent is dissolved into a sulfuric 
acid. 

In order to mainly prevent hydrolysis of a solution, the salt of a metal 
ion is dissolved into a sulfuric acid. As for the solution obtained 
above since a ruthenium was electrodeposited, it is desirable to 
deaerate in order to avoid formation of a higher oxidation state. In 
step 204, the perf luoro-octane sulfonic acid (C-8 acid) of a high grade 
is added to a bath. C-8 acid is good preferably to add to the 
concentration of the range of a liter the whole 0. 1-1. Og. C-8 acid is 
prepared in order to make it easy to wet a carbon particle completely. 
C-8 acid is inactive electrically, and does not stick especially to the 
metal part inside the structure. Therefore, C-8 acid is harmless for the 
continuing electrodeposted process. It turned out that addition of C-8 
acid is useful to altitude. And it is the need in order to make an 
electrode electrodeposited well probably. 

At step 206, the carbon-electrode structure made at step 200 is arranged 
in the electrodeposted bath completed at step 204. A platinum electrode 
is also arranged in the bath. A substitute anode ingredient may be 
adopted for electrodeposition of other metal ions. 

Subsequently, an electrical potential difference is impressed between 



the carbon-electrode structure and a platinum anode at step 208. An 
electrical potential difference is applied for 10 minutes from about 5 
until electrodeposition of a platinum-ruthenium becomes the amount of 
loading of about 5 mg/cm2 on a carbon electrode. Preferably, the 
electrical potential difference of -0.8V is about applied to the 
reference electrode of mercury sulfate. 

After the metal of the amount of a request on a carbon electrode is 
electrodeposited, an electrode is taken out at step 210 and it washes by 
deionized water, the inside of the deionized water which circulates 
through an electrode preferably — at least 3 times and each time — it 
is good for 15 minutes to wash. The step of washing is prepared in order 
to mainly remove the chloride and sulfate ion which are absorbed from 
the front face of a carbon electrode. This washing step was very 
desirable, and in order to make the effective electrode used for an 
organic fuel cell, it turned out that it is probably indispensable. It 
turned out that the electrode obtained by the manufacture approach of 
step 206 has the particle of a very uniform "****" form with most 
quantity of the fine structure. It turned out that mean particle 
diameter is in 0. 1-micron order. 

The setup of the electrodeposted equipment used for performing the 
approach of drawing 9 is shown in drawing 10 . 

Speaking concretely, drawing 10' s showing the cell 212 of 3 electrode 
molds which come to contain the single carbon structure electrode 214, 
the platinum counterelectrode (that is, anode) 216 of a pair, and a 
reference electrode 218. All electrodes are arranged in the bath 220 
formed with above-mentioned metal / 08 acid solution. The electric 
contact pieces 222 and 224 are arranged on the internal side face of a 
cell 212 in the upper part of a bath 220. The magnetic stirrer 226 is 
arranged inside the bath 220, and makes circulation easy with stirring 
of a bath. . In order that the circulating water jacket 228 may use it for 
adjusting the temperature in a cell, it is prepared in the surroundings 
of a cell 212. The platinum anode is arranged in the frit 230 of fine 
glass, and the glass frit is prepared in order to insulate an anode from 
a cathode so that the oxidation product of an anode may not be spread 
into a cathode. 

A reference electrode 214 is a reference electrode of mercury/mercurous 
sulfate. The reference electrode is prepared in order to supervise and 
control the potential of the carbon-electrode structure 214. desirable 
electrostatic-potential- (potent iostatic) and ****** — the control 
approach of both [-like (galvanostatic) ] is adopted. The constituent of 
alloy electrodeposition is controlled choosing the presentation of a 



bath, and by performing electrode electrodeposition with the upper 
current density enough from the limiting current density for metal 
electrodeposition, although summarized above. When choosing a proper 
bath presentation, it is important to normalize about the 
electrochemical equivalent of the metal in a constituent. 
It is used for the amount of the charge passed from an anode to a 
cathode being detected, and supervising the daily dose of the 
electrodeposited ingredient during actuation. In this point, the amount 
of the charge used for hydrogen release reaction must be deducted from 
each measured value of all charges. Although exactly good 
electrodeposition is based on the amount of request loading of actuation 
conditions and a catalyst, typically, it is produced within the period 
for 5 to 10 minutes. 

Since an operation and actuation of such equipment are well known to 
this contractor, the supervisory equipment used for supervising and 
controlling the potential of an electrode is not shown in drawing 10 . 
Drawing 11 shows the engine performance of the model electrode 
electrodeposited within the cell for electrodeposition of drawing 7 
using the approach of drawing 9 . In drawing 11 , in accordance with a 
shaft 240, it takes per bolt of ****** to NHE, and current density is 
taken in accordance with the shaft 242 in the unit of mA/cm2. 
A curve 246 shows a galvanostatic polarization curve about the platinum- 
ruthenium alloy electrode supported with the carbon for making it the 
amount of loading of 5 mg/cm2 according to the above. A curve 246 shows 
electrostatic ****** about an electrode which has the amount of loading 
of 1 mg/cm2. As for the electrode, in any case, it was adopted in the 
interior of the sulfuric-acid electrolyte in a half cell. The fuel cell 
contains the organic fuel which consists of an one mol methanol and a 
0. 5-mol sulfuric acid, and was operated at 60 degrees C. When the amount 
of loading is 5 mg/cm2, the electrode is maintaining the current density 
which 100 mA/cm2 followed by 0.45 volts to NHE. 

The result shown in drawing 11 is the example of the setmaster of the 
engine performance which will be attained using the electrode 
manufactured according to the approach of drawing 9 . The further 
improvement in the engine performance will be attained by proper 
optimization of electrodeposted conditions and an alloy presentation. 
Therefore, the specific conditions or the concentration which were 
mentioned above are not necessarily the optimal, and the best mode 
currently cut by current [ for manufacturing an electrode ] is expressed. 
Perf luoro-octane sulfonic acid as fuel additive (C-8 acid) Use of 08 
acid as an additive which can be set during an electrodeposted bath was 



described above. It was decided that it is also advantageous to add as 
an additive in the fuel of the liquid supply mold fuel cell which used 
the sulfuric-acid electrolyte as for 08 acid. Especially, it has 
molecular formula C8F17S03H, and it was found out that C-straight chain 
8 acid of the concentration of 0. 001-0. 1M is the wetting agent which was 
excellent in the liquid supply mold fuel cell. 

Drawing 12 shows the experimental result in comparison with the fuel 
cell with which this additive was lacked in use of C-8 acid as an 
additive. Especially drawing 12 is Teflon (trademark) in a sulfuric-acid 
electrolyte. 

The experimental result of the half cell using the electrode of the 
platinum supported by the carbon of the covered large surface area and a 
platinum alloy is shown. This result was obtained using the cell shown 
in drawing 10 , and the same half cell. Drawing 12 shows the potential 
to NHE in alignment with a vertical axis 400, and the current density in 
mA/cm2 in alignment with a horizontal axis 402. Four curves are having 
no additive (curve 404) and a thing which shows polarization about the 
fuel containing the additive (curve 406) of 0. 0001M, the additive (curve 
408) of 0. 0001M, and the additive (curve 412) of 0. 01M. 
Addition of 08 additive rather decreases polarization fairly so that 
drawing 12 may show. Although not illustrated, oxidation of a methanol 
was also completely investigated without the sulfuric acid using the 
pure C-8 acid solution of 0. 1M. The polarization curve (illustration 
abbreviation) shows that reaction kinetics is not influenced by 
existence of perf luoro-octane sulfone ion. 

Therefore, when the available fuel cell electrode by which Teflon 
(trademark) covering was carried out is commercially used for drawing 
12 , for the fuel cell which adopted the sulfuric acid as an electrolyte 
at least, the useful thing is proved [ use / 0. 001M or C-8 acid of the 
density range beyond it / as an additive ] to a liquid fuel solution. 
Three new fuels used for a liquid supply mold fuel cell are described 
about the remaining drawing. The fuel is dimethoxymethane, trimethoxy 
methane, and a trioxane. 

Dimethoxymethane as a fuel for a liquid supply mold fuel cell Drawing 13 
-15 show the result of the experiment made as a fuel to an organic 
direct liquid supply mold fuel cell using dimethoxymethane (DMM). On the 
occasion of use, water was mixed even with the concentration of the 
range of Abbreviation 0. 1-2M, and DMM was supplied to the fuel cell. 
Probably, other concentration will be effective. The fuel cell may 
include one or the amelioration beyond it which the thing of the usual 
design may be used for and was mentioned above. In a fuel cell, electric 



oxidation of the DMM is carried out with the anode of a cell. Electric 
oxidation of DMM includes the surface reaction which generates the 
carbon dioxide and water following a series of dissociation steps and it. 
This electrochemical reaction is given by the degree type. 
(CH30) 2CH2+4H20 -> C02+16H++16e- (4) 

The experiments which test electric oxidation of DMM are the cell 
equipped with the temperature control shown in drawing 10 , and the same 
half cell, and were made using the sulfuric-acid electrolyte of 0. 5M 
with the electrocatalysis electrode of Pt-Sn or Pt-Ru. The galvanostatic 
polarization curve shown in drawing 13 shows the electric oxidation 
property of DMM about the platinum-tin electrode in the fuel 
concentration from which some differ. This platinum-tin electrode is 
Etec of Massachusetts and the Framingham whereabouts, and Vulcan 
obtained from Inc. It is the thing of the gaseous diffusion type which 
consists of all metals of 0.5 mg/cm2 supported on XC-72. In drawing 13 , 
current density is shown in accordance with a shaft 500, and 
polarization (it saw with the potential to NHE) is given in accordance 
with the shaft 502. Curves 504, 506, 508, and 510 show polarization 
about 0. 1M, 0. 5M, 1M, and DMM of the concentration which becomes 2M, 
respectively. Drawing 13 shows that the behavior of oxidation of DMM is 
improved, if concentration increases. The curve of drawing 13 was 
measured with the half cell which adopted the sulfuric acid of 0. 5M as 
an electrolyte with C-8 acid of 0. 1M. This measurement was made at the 
room temperature. 

DMM oxidizing with electronegative potential considerably and dealing in 
it rather than a methanol, was found out. Moreover, it was also found 
out that temperature affects the rate of oxidation considerably. However, 
DMM has the low boiling point of 41 degrees C. Therefore, for the 
attempt which it is going to use for a liquid supply mold fuel cell at 
temperature higher than this boiling point, difficulty produces DMM. 
Drawing 14 shows polarization about two different concentration in two 
different temperature. Current density is given in accordance with a 
shaft 512, and polarization (it saw with the potential to NHE) is given 
in accordance with a shaft 514. A curve 516 shows polarization about DMM 
of the concentration of 1M in a room temperature. A curve 518 shows 
polarization about DMM of the concentration of 2M in 55 degrees C. 
Improved polarization will be attained, if higher concentration is used 
at higher temperature so that it may understand, if it sees. Moreover, 
the comparison with the curve 510 of drawing 13 and the curve 518 of 
drawing 14 shows that polarization by which increase of temperature has 
been improved about the same concentration level is produced. Therefore, 



it is sure of increase of temperature producing the result of the 
behavior of the improved electric oxidation. 

In addition to the experiment of the half cell shown in drawing 13 and 
14, the experiment of a fuel cell was also made at the ** sake which 
verifies the effectiveness of DMM in a fuel cell. Direct oxidation of 
DMM in a fuel cell was performed by liquid supply mold fuel cell which 
was mentioned above by drawing 1 and 2. 

Therefore, the solid-state poly membrane (Nafion 117 (trademark)) of 
proton conductivity was used for this fuel cell as an electrolyte. This 
membrane electrode assembly consists of a fuel oxidation electrode which 
consists of a catalyst bed (4 mg/cm2) of the platinum-ruthenium which is 
not supported, and a platinum electrode with which a gaseous diffusion 
type is not supported in order to decrease oxygen. This fuel cell used 
the solution of 1M of DMM for the fuel oxidation side, and used the 
oxygen of 20psi(s) for the cathode side. 

Analysis of the oxidation product of DMM shows only the methanol. It is 
considered that a methanol is the intermediate product in the oxidation 
to which DMM becomes a carbon dioxide and water which may exist. However, 
a methanol and coexistence are possible for a fuel cell system, and 
since a methanol finally also oxidizes in a carbon dioxide and water, 
existence of the methanol as an intermediate product is not concerns. 
The current-voltage characteristic of the liquid supply mold direct 
oxidation fuel cell which uses DMM as a fuel is shown in drawing 15 . 
This fuel cell operated at 37 degrees C. In drawing 15 , the current 
density in mA/cm2 is given in accordance with the shaft 520. The cell 
voltage in a bolt is given in accordance with the shaft 522. The curve 
524 shows cell voltage as a function of current density about the DMM 
solution of 1M mentioned above. As drawing 15 shows, 50mA /of cell 
voltage in DMM reaches 0. 25V by 2 cm, and this is height comparable as 
that (illustration abbreviation) which was attained with the methanol. 
It is higher temperature and the still better engine performance will be 
attained by making it operate using a Pt-Sn catalyst. The low boiling 
point of DMM also becomes a candidate to gas supply type actuation. 
Therefore, it was found out from measurement of a half cell and all 
cells that DMM can be oxidized at a very high rate. Therefore, although 
DMM is the fuel excellent in use with a direct oxidation type fuel cell, 
it is sure of it. Moreover, DMM is avirulent, is the liquid of low vapor 
pressure and permits easy handling. In addition, DMM is compoundable 
from natural gas (methane) with the usual technique. 

Trimethoxy methane as a fuel for a liquid supply mold fuel cell Drawing 
16 -18 show the result of the experiment made as a fuel to an organic 



direct liquid supply mold fuel cell using trimethoxy methane (TMM). As 
mentioned above about DMM, on the occasion of use, water was mixed even 
with the concentration of the range of Abbreviation 0. 1-2M, and TMM was 
supplied to the fuel cell. Probably, other concentration will be 
effective. The fuel cell may include one or the amelioration beyond it 
which the thing of the usual design may be used for and was mentioned 
above. In a fuel cell, electric oxidation of the TMM is carried out with 
the anode of a cell. The electrochemical oxidation of TMM is shown by 
the next operation. 
(CH30) 3CH+5H20 -> 4C02+20H++20e- (5) 

The experiments which verify electric oxidation of TMM are the cell 
equipped with the temperature control shown in drawing 10 , and the same 
half cell, and were made using the Pt~Sn electrode with the sulfuric- 
acid electrolyte of 0. 5M containing C-8 acid of 0. 01M. The experimental 
result of these half cells is shown in drawing 16 and 17. 
Drawing 16 gives the galvanostatic polarization curve about TMM of the 
concentration from which some of Pt-Sn electrodes mentioned above differ. 
This Pt-Sn electrode is Vulcan which is a gaseous diffusion type thing 
and is obtained from Etec of Massachusetts and the Framingham 
whereabouts, and Inc. It consists of all metals of 0.5 mg/cm2 supported 
on XC-72. In drawing 16 , the current density in mA/cm2 is given in 
accordance with a shaft 600, and polarization (it saw with the potential 
to NHE) is given in accordance with the shaft 602. Curves 604, 606, 608, 
and 610 show polarization about 0. 1M, 0. 5M, 1M, and TMM of the 
concentration which becomes 2M, respectively. Drawing 16 shows that 
polarization improved in higher concentration level is attained. All the 
measurement results shown in drawing 16 were obtained at the room 
temperature. 

TMM oxidizing with electronegative potential considerably and dealing in 
it rather than a methanol, was found out. Moreover, it was also found 
out that temperature affects the oxidation rate of TMM. Drawing 17 shows 
polarization in two different temperature by two different concentration. 
In drawing 17 , the current density in mA/cm2 is given in accordance 
with a shaft 612 (it saw with the potential to NHE), 

Polarization is given in accordance with a shaft 614. A curve 616 shows 
polarization about the TMM concentration of 1M in a room temperature, 
and, on the other hand, a curve 618 shows polarization about TMM of the 
concentration of 2M in 55 degrees C. The curve of drawing 17 was 
obtained using the Pt-Sn electrode in the sulfuric-acid electrolyte of 
0. 5M containing C~8 acid of 0. 01M. Improved polarization will be 
attained, if higher concentration is used at higher temperature so that 



it may understand, if it sees. The comparison with the curve 618 of 
drawing 17 and the curve 610 of drawing 16 shows that polarization by 
which increase of temperature has been improved about the same 
concentration level is produced. Although not illustrated, at the 
temperature of 60 degrees C, it was found out that it is twice [ at the 
time of 25 degrees C ] the rate of oxidation of TMM of this. 
In addition to the experiment of the half cell shown in drawing 16 and 
17, the experiment of a total fuel cell was also made at the ** sake 
which verifies the effectiveness of TMM in a fuel cell. Direct oxidation 
of TMM in a fuel cell was performed by the liquid supply mold fuel cell 
of the type mentioned above by drawing 1 and 2. Therefore, the solid- 
state poly membrane (Nafion 117 (trademark)) of proton conductivity was 
used for this fuel cell as an electrolyte. The membrane electrode 
assembly of this fuel cell contains the catalyst bed (4 mg/cm2) of the 
platinum-ruthenium which is not supported, and the platinum electrode 
with which a gaseous diffusion type is not supported in order to 
decrease oxygen. This fuel cell used the solution of 2M of TMM for the 
fuel oxidation side, and used the oxygen of 20psi(s) for the cathode 
side. 

The same with being related with DMM, analysis of the oxidation product 
of TMM shows only the methanol and it is considered that a methanol is 
the intermediate product in the oxidation from which TMM becomes a 
carbon dioxide and water which may exist. Since a methanol finally 
oxidizes in a carbon dioxide and water, for the fuel cell in which a 
methanol and coexistence are possible, existence of the methanol as an 
intermediate product is not concerns. 

The current-voltage characteristic of the liquid supply mold direct 
oxidation fuel cell mentioned above is shown in drawing 18 about both 
TMM and a methanol. The current density in mA/cm2 is given in accordance 
with a shaft 620, and cell voltage is given in accordance with the shaft 
622. The curve 624 shows cell voltage as a function of current density 
about TMM of the concentration of 1M. The curve 626 shows the same thing 
about the methanol of the concentration of 1M. The measurement shown in 
drawing 18 was obtained at 65 degrees C. Although not illustrated, at 
TMM, cell voltage amounts to 0.52V by 300 mA/cm2 at 90 degrees C, and 
this is a high value rather than it is obtained with a methanol. 
Therefore, it was found out like DMM from measurement of a half cell and 
all cells that TMM can be oxidized at a very high rate. Moreover, like 
DMM, it is avirulent, and TMM is the liquid of low vapor pressure, it 
permits easy handling and can compound it from natural gas (methane) by 
the usual approach. 



Trioxane as a fuel for a liquid supply mold fuel cell Drawing 19 -21 
show the result of the experiment made as a fuel to an organic direct 
liquid supply mold fuel cell using the trioxane. As mentioned above 
about DMM and TMM, on the occasion of use, water was mixed even with the 
concentration of the range of Abbreviation 0. 1-2M, and the trioxane was 
supplied to the fuel cell. Probably, other concentration will be 
effective. The fuel cell may include one or the amelioration beyond it 
which the thing of the usual design may be used for and was mentioned 
above. In a fuel cell, electric oxidation of the trioxane is carried out 
with the anode of a cell. The electrochemical oxidation of a trioxane is 
shown by the next operation. 
(CH30) 3+6H20->3C02+12H++12e- (6) 

The experiments which verify electric oxidation of a trioxane are the 
cell equipped with the temperature control shown in drawing 10 , and the 
same half cell, and were made using the Pt~Sn electrode with 0. 5M-2, and 
the sulfuric-acid electrolyte of 0M containing 08 acid of 0. 01M. The 
experimental result of these half cells is shown in drawing 19 and 20. 
Drawing 19 gives the galvanostatic polarization curve about the trioxane 
of the concentration from which some of Pt-Sn electrodes mentioned above 
differ. This Pt~Sn electrode is Vulcan which is a gaseous diffusion type 
thing and is obtained from Etec of Massachusetts and the Framingham 
whereabouts, and Inc. It consists of all noble metals of 0.5 mg/cm2 
supported on XC-72. In drawing 19 , the current density in mA/cm2 is 
given in accordance with a shaft 700, and polarization (it saw with the 
potential to NHE) is given in accordance with the shaft 702. Curves 704, 
706, 708, and 710 show 0. 1M, 0. 5M, 1M, and polarization about the 
trioxane of concentration that becomes 2M, respectively. Drawing 19 
shows that polarization improved in higher concentration level is 
attained. All the measurement results shown in drawing 19 were obtained 
at 55 degrees C. 

Therefore, about a trioxane, the increasing fuel concentration produces 
the result of increase of an oxidation rate. Moreover, the current 
density which reaches 100 mA/cm2 is obtained in potential called 0.4V to 
NHE so that drawing 19 may show. This engine performance is equal to the 
engine performance attained with formaldehyde. Although not illustrated, 
research of cyclic voltammetry decided that the mechanism of oxidization 
of a trioxane did not include the decomposition to the formaldehyde 
before electric oxidization. 

Moreover, increase of electrolytic acid concentration and producing the 
result of increase of an electric oxidation rate were also found out. 
Drawing 20 shows polarization in four different electrolytic 



concentration and two different temperature. In drawing 20 , the current 
density in mA/cm2 is given in accordance with a shaft 712, and 
polarization (with potential to NHE) is given in accordance with the 
shaft 714. The curve 716 shows polarization about the electrolytic 
concentration of 0. 5M in a room temperature. The curve 720 shows 
polarization about the electrolytic concentration of 1M in 65 degrees C. 
The curve 722 shows polarization about the electrolytic concentration of 
2M in 65 degrees C to the last. About all of curves 716-722, the 
concentration of a trioxane was 2M. 

The curve of drawing 20 was obtained using the Pt~Sn electrode in the 
sulfuric-acid electrolyte containing C-8 acid of 0. 01M. Improved 
polarization will be attained, if higher concentration is used at higher 
temperature so that it may understand, if it sees. Therefore, since 
Nafion (trademark) showed acidity equivalent to the sulfuric acid of 10M, 
when using Nafion (trademark) as an electrolyte, it was expected that an 
electric, very high oxidation rate is expectable. 

In addition to the experiment of the half cell shown in drawing 19 and 
20, the experiment of a total fuel cell was also made at the ** sake 
which verifies the effectiveness of the trioxane in a fuel cell. Direct 
oxidation of the trioxane in a fuel cell was performed by the liquid 
supply mold fuel cell of the type mentioned above by drawing 1 and 2. 
Therefore, the solid-state poly membrane (Nafion 117 (trademark)) of 
proton conductivity was used for this fuel cell as an electrolyte. This 
fuel cell used the solution of 1M of a trioxane for the fuel oxidation 
side, and used the oxygen of 20psi(s) for the cathode side. 
The same with being related with DMM and TMM, analysis of the oxidation 
product of a trioxane shows only the methanol and it is considered that 
a methanol is the intermediate product in the oxidation from which TMM 
becomes a carbon dioxide and water which may exist. Since a methanol 
finally oxidizes in a carbon dioxide and water, for the fuel cell in 
which a methanol and coexistence are possible, existence of the methanol 
as an intermediate product is not concerns. 

The current-voltage characteristic of the liquid supply mold direct 
oxidation fuel cell mentioned above is shown in drawing 21 about the 
trioxane. The current density in mA/cm2 is given in accordance with a 
shaft 724, and cell voltage is given in accordance with the shaft 726. 
The curve 728 shows cell voltage as a function of current density about 
the trioxane of the concentration of 1M. The measurement shown in 
drawing 21 was obtained at 60 degrees C. The engine performance shown in 
drawing 21 will improve considerably by using a platinum-tin electrode 
rather than a Pt-Ru electrode. 



Measurement (measurement of crossover) (illustration abbreviation) of 
the migration in a trioxane / oxygen fuel cell suggests that passing 
speed (rate of crossover) is at least 5 times as low as the thing in a 
methanol fuel cell. Since migration affects the effectiveness and the 
engine performance of a fuel cell as mentioned above, the passing speed 
which decreased is very desirable. 

Therefore, it was found out like DMM and TMM from measurement of a half 
cell and all cells that a trioxane can be oxidized at a very high rate. 
Conclusion The various amelioration to the liquid supply mold fuel cell 
which includes the set of three new fuels in the additive list for 
improving an approach having been improved for assembling the improved 
electrolyte and electrode structure, and an electrode and the fuel 
engine performance was explained. These various amelioration may be 
carried out separately, and most may be together put in order to attain 
the still higher engine performance. However, it is expected that it is 
effective to use C-8 acid as an additive to the fuel mentioned above 
only about the fuel cell which adopted an acid electrolyte like a 
sulfuric acid, and if adopted using the fuel cell which consisted of 
proton exchange film, it should care about that it may not be effective. 
The approach, example, and experimental result which were indicated here 
are mere illustration and explanation of this invention, and should not 
be interpreted as what limits the range of this invention. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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